reoMeTpuMecKHH noflxofl k CTa6njibHbiM 
roMOTonHMecKHM rpynnaM c4)ep II. 
MHBapHaHT KepBepa. 



n.M.AxMeTbeB 



AHHOTail,HiI 

HpeflCTaBjieHO pemeHne npo6jieME.i Kepsepa. Bboahtch nonsiTHe 
a6ejieB0H CTpyKTypbi CKomeHHO-ocHameHHoro norpyjKeHHH, 6hi];hkjih- 
HecKoii CTpyKTypBi Z/2["'l-ocHameHHoro norpyjKenHH h 6HKBaTepHH- 
OHHOfi CTpyKTypbi Z/2[^LocHan],eHHoro norpyHcennH. Hcnojibsya bbc- 
fleHHbie noHHTHH Mbi flOKasbiBaeM, hto npn floCTaTOHHO 6ojibmoM n, 
n = 2' — 2, npoHSBOjiBHoe CKomeHHO-ocnameHHoe norpyaceHHe HMeeT 
HHBapnaHT nyjieBoft KepBepa. B flOKasaTejibCTBe HcnojibsoBana Teo- 
peMa o peTpaKi];HH CKomeHHO-ocHameHHoro norpyjKeHHH b saflanHOM 
Kjiacce HopMajiBHoro Ko6opflH3Ma. ^OKasaTejibCTBO TeopeMbi o pe- 
TpaKi];HH TaK>Ke npHBOflHTCsi B pa6oTe. 



1 CaMonepeceHGHHe norpy:aceHHH h UnBapn- 
aHT KepBepa 

HpoGjieivia HHBapnaHTOB KepBepa 1 aBJiaeTca otkpmtoh npoSjieMofi b Aji- 
re6paHHecK0H TonojiornH, cm. no noBOfly ajire6paHHecKoro noflxofla k peme- 
HHK) [S], [B-J-M], [C-J-M]. Mbi paccMOxpHM reoMexpH^ecKHH no^xo^ k pe- 
ineHHK) HpoSjieMbi, kotopmh ocHOBan na peayjiBxaxax H.JJm.SKKjisa [El]. 
Ho noBO^y ^pyroro reoMeTpHHecKoro no^xo^a cm. [C1],[C2]. 

PaccMOxpHM rjia^iKoe norpyaceHne / : M"~^ S->M",n = 2' — 2,/ > 1 
oSmero nojiojKeHHa KopasMepnocTH 1. OSosHannM nepea g : N"-^"^ S-^ 
norpy>KeHHe MHoroo6pa3Ha caMonepece^enHH. 



*Pa6oTa aBTopa noAAepJKena rpanTOM the London Royal Society (1998-2000), P<I)<I)H 
08-01-00663, INTAS 05-1000008-7805. 
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Onpe^ejieHHe 1. HnBapHaHT KepBepa norpyaceHHa / onpe;i;ejisieTC5i no 
c|)opMyjie 



n — 2 



(1) 



rfle Mepe3 rjN — W2{N'^ ^) o6o3HaHeH flsyMepHbiH HopMajibHbiii Kjiacc 
IIlTH4)ejia-yHTHH MHoroo6pa3Hfl N'^~^. 

HnBapnaHT KepBepa aBjiaeica HHBapHanTOM Kjiacca peryjiapnoro Ko6op- 
flH3Ma norpyjKeHHa /. Bojiee Toro, HHBapnaHT KepBepa aBJiaeica roMOMop- 

C|)H3M0M 



HopMajibHoe paccjioenHe Ug norpy>KeHHa g : N"'~'^ S-^ aBjiaeica 2- 
MepHbiM paccjioeHHeM na;], A^""^, KOTopoe CHa6>KeH0 D4-ocHameHHeM. Kjiac- 
CH4)Hii;Hpyioiii;ee OTo6pa>KeHHe 3Toro paccjioenHa (xax h cooTBeTCTByiomHH 
xapaKTepncTHHecKHH KJiacc) o6o3HaHaeTca nepes rj^ '■ N'^~'^ 7^(04,1). 
Hapa {g, ryv) npe^ciaBjiaeT 3JieMeHT b rpynne Ko6opflH3Ma I'mmP'^{n — 2, 2). 

rOMOMOp(J)H3M 



KoppeKTHO onpe;i;ejieH. 

Fpynna Ko6op^H3Ma Imm^^{n — k,k) o6o6iii;aeT rpynny Ko6op^H3Ma 
Imrrf^{n — 1,1). HoBaa rpynna onpeflejiena KaK rpynna Ko6opflH3Ma ipoeK 
(/, S, Km), r;],e / : M""'^ M" norpyJKenHe, npHHeM 3a;],aH h30mop4)h3m 
S : i/(gf) = /ckm, KOTopbiH HasbiBaeTca CKomenHbiM ocnameHHeM, nepes i/(/) 
o6o3HaHeHO HopMajibHoe paccjioeHne norpyiKenHa /, km aBJiaeica 3aflaH- 
HbiM jiHHeiiHbiM paccjioeHHeM na^ M"^~'', xapaKTepncTHHecKHfi KJiacc koto- 
poro o6o3HaHaeTca laKJKe Hepes km £ H^{M^~^\X/2). OTHomenHe Ko6op- 
flH3Ma Ha npocTpancTBe paccMaTpHBaeMbix TpoeK aBjiaeica CTan^apTHbiM. 

Fpynna ImwP'^{n — 2,2) o6o6n],aeTca cjie^yiomnM oSpasoM. Onpe;],e- 
jiHM rpynnbi ko6op^h3mob ImmP'^{n — 2k, 2k). KajK^bin 3JieMeHT rpynnbi 
ImmP*{n — 2k, 2k) npe^CTaBJien TpoHKoii {g, ^, Tyjv), r^e g : N^^^'^ s-^ M" - 
norpyiKenne, ^'-flnaflpajibnoe ocHani;eHHe b Kopa3MepHOCTH 2k, T.e. 4)hkch- 
poBannbiii h30mop4)h3m 'E : Ug = krj^, Tj\e 1]^ aBjiaeTca 2-MepnbiM pac- 
cjioenneM nafl jV"~^'^. XapaKTepncTn^ecKoe OTo6paiKenHe SToro paccjioe- 
nna, a TaxjKe cooTBeTCTByioin;HH xapaKTepncTHHecKHii KJiacc (cooTBeTCTBy- 
ioni;HH yHHBepcajibHbiii xapaKTepncTHHecKHH KJiacc) o6o3HaHaeTca TaxiKe ne- 



pe3 r]N ■ A^""''^ ^ K(D^, 1), tjn G H''{m-^^;Z/2) (r e H^{K{Ti^, l);Z/2)). 



OTo5pa>KenHe r^Ar 0Ka3biBaeTca xapaKTepncTHHecKHM n fljia paccjioenna Vg, 
nocKOJibKy Vg = krjN- 



Qsf ■■ Imm'f (n -1,1)^ Z/2. 



(2) 



: Imm'f (n - 1, 1) ^ ImwP\n - 2, 2) 



(3) 
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Ho onpe;i;ejieHHio roMOMop4)H3M KepBepa 3a;i;aH KOMno3Hii;HeH roMO- 

M0p(J)H3Ma ([3l) H rOMOMOp(J)H3Ma 

804 : /mm°*(n- 2,2) ^ Z/2. (4) 

roMOMop(J)H3M ([Ij) Ha3biBaeTC5i HHBapHaHTOM KepBGpa D4-ocHaiii;eHHoro no- 
rpyjKeHHa. 

roMOMop(J)H3M KepBepa onpe^ejien b 6ojiee oSmeii CHTyan,HH npH noMO- 
mH npflMoro o6o5iii,eHHa roMOMop4)H3MOB ((2]) h (l4|): 

: Imm^f{n -k,k)^ Z/2, 6^^ := S'^^ o 9^^. (5) 



n — 2fc 

e^^: Jmm°^(n-2fc,2A;)^Z/2, e^,[{g,^ ,Vn)] = {Vn' ; [iV""''])- (6) 

(/Jjia k = 1 HOBbiH roMOMop(|)H3M ([6]) C0Bna;],aeT c Bbimeonpe^ejienHbiM ro- 
MOMop(J)H3MOM ((11) npH 3T0M cjie;i;yioiii;aa ^^narpaMMa KOMMyTaTHBHa: 

Imm'^in - 1, 1) ^ ImrrP^iji - 2, 2) ^ Z/2 

i^.'/ ^ 1^4 ^ II (7) 

Imm'f{n- k,k) Imm^^{n - 2k,2k) ^ Z/2. 

HaM noTpe6yeTC5i o6o6iii;HTb (J)opMyjiy ([6l) norpyjKenHH c ocHaineHH- 
eM 6ojiee o5iii;ero BH^a. 06o3HaHHM Hepe3 Z/2['^] cnjieTeHne 2'^~^ 3K3eMnjia- 
poB sjieMeHTapHOH n,HKjiH^ecKOH rpynnbi. 3Ta rpynna aBjiaeTca no;],rpynnoH 
B rpynne 0{2'^~^), KOTopaa onpe^ejiHeTca cjie^yiomHM ycjiOBHeM: 

- npeo5pa30BaHHfl h3 Z/2['^1 ocTaBjiaioT HHBapHanTHbiMH cjie^y- 
loiuHe d — 1 naSopoB ^1^, ^d-i, ■ ■ ■ , ^2 KOop;i;HHaTHbix no^npo- 
CTpaHCTB. HaSop no^npocTpaHCTB fii, 2 < i < d coctoht h3 2*~^ 

KOOp^HHaTHblX nO^npOCTpanCTB, nOpO>KfleHHbIX 6a3HCHbIMH BeKTopaMH 

((ei, . . . e2d-»+i), . . . , (e2d_2'i-i+i+i, • • • , 62^)). 
B ^acTHOCTH, D4 = Z/2[21. 



PaccMOTpHM norpyjKeHHe g : N^-'^'^ o6iii;ero nojioaceHHa Kopa3- 

MepHOCTH k2'^~^. CKajKeM, hto norpyjKeHne g aBJiaeTca Z/2['^l-ocHaiii;eHHbiM 
(c KpaTHOCTbK) k), ecjiH onpe^ejien h30mop(J)H3m : Ug = krjN HopMajibHoro 
paccjioeHHe Ug norpyjKenHa g c cyMMoii Yhthh k 3K3eMnjiapoB 2'^~^-MepHoro 
paccjioeHHa r]^ co CTpyKTypnoH rpynnoii Z/2^^. 

PaccjioeHHe 7]^ KJiaccH(J)Hii;HpyeTca OTo6pa>KeHHeM 7]^ : A^"-'^^ _^ 
K{Z/2^^,1). (CooTBeTCTByiomHH xapaKTepHCTHHecKHH KJiacc) 0603HaHHM 
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TaKJKe nepea r/jv). XapaKTepncTHHecKHii KJiacc yHHBepcajibHoro 2^^"^- 
MepHoro Z/2l°'LpaccjioeHH5i na^ K{'L/2^'^\l) o6o3HaMHM Mepea Tf^]. TaKHM 
oSpaaoM, rjlf{T[fi]) = tj^. OTo5pa>KeHHe rj^ OKasbiBaeTca xapaKTepHCTH^e- 
CKHM H fljia paccjioeHHfl Ug, nocKOJibKy Ug = krjN. 

BceB03M0>KHbie TpoHKH ((yf, ?7Ar) , KOTopbie 5bijiH OBHcaHbi Bbime, no- 
pojKflaiOT rpynny Ko6op;i;H3Ma Imm^^'^^'^ {n — ^2^^"^, /c2'^~^). B neKOTopbix 
paccyjKfleHHax npn oSoaHaneHHax 6yfleT HcnojibaoBan flonojiHHTejibHbifi 
HHp^eKC, CBaaaHHbiH co CTpyKTypHofl rpynnofi. Hanpniviep, npe^CTaBHTejib 
rpynnbi ImmP*{n — 2k, 2k) 6yp,eM HHor;i,a oSosHanaTb ^epea ((^pj, \I/[2], r/ATjj]) 

MnorooSpasHe caMonepeceneHHa npoHSBOJibHoro Z/2t'^LocHameHHoro 
norpyjKeHHa aBJiaeTca -ocHameHHbiM norpyjKeHHeM. TaKHM o5pa- 

30M, MHoroo5pa3He caMonepeceneHHa npe;i;cTaBJiaeT TpoHKy {h,A,(L), r^e 
h : L"-'^^'' ^ R"-norpy>KeHHe, A : A;Cl = i^h, Cl ■ L'^'^'^" K{Z/2^'^+^\l)- 
KjiaccH(|)Hn,Hpyiomee OTo6pa>KeHHe 2'^-MepHoro paccjioenHa Cl- KoppeKTHO 
onpe^ejien roMOMop4)H3M 

: Jmm^/2M _ j^^d-i ^ j^^d-i^ ^ Imm^'^'"*"' {n - k2\ k2''), (8) 

CTaBainHH B cooTBeTCTBHe KJiaccy HopiviajibHoro Ko6opflH3Ma [{g, , ^n)] 
KJiacc HopMajibHoro Ko6op;i;H3Ma [{h, K^Cl)]- 

Onpeflejiena no;i;rpynna i[d+i\ ■ 'Z/2^'^ C Z/2['^+^l, KaK no;i;rpynna npe- 
o6pa30BaHHH noflnpocTpancTBa R^'' ^ C M^'*, nopojK^eHHoro nepBbiMH 2°'"^ 

5a3HCHbIMH BCKTOpaMH. 

Onpeflejiena no;i;rpynna 

: Z/2[^] © Z/2[^l C Z/2[^+i] (9) 

HHfleKca 2, KaK no;i;rpynna npeo5pa30BaHHH npocTpancTBa KOTopaa coctoht 
H3 npeo6pa30BaHHH, ocTaBJiaioinHx HHBapnaHTHbiM KajK;i;oe no;i;npocTpaH- 
CTBO H3 naSopa ^2- 

Iloflrpynna Q HHflyn,HpyeT flByjiHCTHoe naKpbiTHe T^id+i] '■ K{7j/2^'^ © 
Z/2t'^,l) — > i^'(Z/2['^"'"^], 1). XapaKTepHCTH^ecKoe OTo5pa>KeHHe Cl '■ 
j^n-k2 _^ K(Z/2^'^~^^\l) HHflyii;HpyeT ;i;ByjiHCTHoe naKpbiTHe ■T^[d+i],L '■ 

J^n-k2'^ _^ J^n-k2'^ HaKpblTHa TTj^+i] Hafl KJiaCCH(J)HIi;HpyiOIIi;HM HpOCTpaH- 

CTBOM. /^ByjiHCTHoe HaKpbiTHe Ti[d+i\,L MOJKHO OHpe^ejiHTb reoMeTpH^ecKH, 

OHO COBHa^aeT C KaHOHH^eCKHM flByjIHCTHOM HaKpblTHeM nafl MHoroo5- 

pa3HeM ToneK caMonepece^eHHa Z/2['^]-ocHaiii,eHHoro HorpyjKeHHa 

{9:'^:Vn) (cm. [A], pa3fleji 1). 

OHpe^^ejiena HpoeK^Ha : Z/2['^1©Z/2['^1 ^ Z/21'^1 Ha nepBoe cjiaraeMoe, 
KOTopaa HH;^y^HpyeT OToGpajKenne : K{Z/2^'^®Z/2^'^ ,1) K{Z/2^'^, 1). 
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/l^jia MHoroo6pa3Ha caMonepeceneHHa {h,A,d) nponsBOJibHoro 7^/2'^^- 
ocHaineHHoro norpyjKeHna {g, r/jv) paccMOTpHM flByjiHCTHoe HaKpbiTHe 
Cl : -> -ft'(Z/2['^] ©Z/2['*l,l), Hafl KJIaccH4)H^HpyIOI^HM OTo6pa>Ke- 

HHGM (^L, KOTOpOe HH^yn,HpOBaHO HaKpblTHeM TTld+^.L- 3™ HaKpbiTHe COB- 

Ha^aeT c KaHOHH^ecKHM 2-jiHCTHbiM HaKpblTHeM nafl KjiaccH(J)Hn,Hpyion],HM 
OToSpajKenneM (l '■ L"~'^^ K{'L/2^'^^^\l), KOTopoe onpeflejieHO h3 reo- 
MeTpHHecKHx coo6pa>KeHHH. XapaKTepncTHHecKHH KJiacc o C)*(T[d]) G 
^2<^-i(^n-fc2'*.^/2), r[,] G H^'-\K{Z/2^''\l) o6o3Ha™ nepes C[d],L. 
Onpe^ejieHO OTo6pa»ceHHe itot = ^[3] o ■ ■ ■ o i^^y. 

K(-D,, 1) ^ ir(Z/2[3l, 1) ^ . . . ^ K(Z/2['^1, 1) ir(Z/2[^+il, 1). (10) 
Onpe;i;ejieHa Samna 2-jiHCTHbix KaHOHHHecKHx HaKpbiTHH 

3Ta Samna naKpbiTHH CHaSjKena xapaKTepncTHnecKHM OTo6pa>KeHHeM b 
flnarpaMMy (fTOl) KJiaccH(|)Hii;Hpyioiii;Hx npocTpancTB. 05o3HaHHM Hepe3 

Titot = vr[3] o ■ ■ ■ o 7r[rf] : if (D4, 1) if (Z/21'^], 1) (12) 

SaniHK) HaKpbiTHH, HHflyn,HpoBaHHyio K0MH03Hn,HeH roMOMop(i)H3MOB B ^na- 
rpaMMe (10). Onpe^ejiena HOCJie^OBaTejibHOCTb xapaKTepncTHnecKHx Kjiac- 

COB 

C[2],L e H\L-,J>''';Z/2),...X[,y, e H''-\L-,j''';Z/2), 

C[,+,yLeH'\L--''';Z/2). (13) 

KajK;i;biH sjieMeHT b stoh nocjie;i;oBaTejibHOCTH HHflyii;HpoBaH h3 xapaK- 
TepHCTHHecKoro KJiacca cooTBeTCTByioinero ynnBepcajibHoro npocTpancTBa 
B (11 op . Bamna naKpbiTHH (11) 11 nocjie^OBaTejibHOCTb xapaKTepiiCTHne- 
CKHx KjiaccoB (13) onpe;],ejieHa ne tojibko fljia -ocnameHHoro mho- 

roo5pa3Ha, Koxopoe aBJiaeTca MHoroo5pa3HeM caMonepeceneHiia neKOTopo- 
ro Z/2['^LocHaiii;eHHoro norpyjKeHHa, ho h ;i;jia npoH3BOJibHoro Z/2['^"'"^l- 
ocHameHHoro MHoroo6pa3Ha. 

Onpe^ejieHHe 2. HnBapnaHT Kepnepa ©^/gi'^+ii npoii3BOJibHoro Z/2l''+^l- 
ocnameHHoro norpyjKeHna {h, A, (l) onpe^ejiiiM cjie^yiomeH (|)opMyjiOH: 

e^/2[.,„(/^,A,a) = (r]p],l ;[iV[2]]), (14) 

r^e Hepe3 [N[2]] o6o3HaHeH (jDyH^aMeHTajibHbiH Kjiacc naKpbiBaiomero mho- 
roo6pa3iia b HaKpbiTim (fT2ll . 
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riocTpoeHHbiH HHBapnaHT onpeflejiaeT roMOMop4)H3M 02/2i<^i ■ 

Imm^^'^^'^\n,n — k2'^~^) — >• Z/2, KOTopbiii BKJiiOHeH b cjie;i;yioiii;yK) 
KOMMyTaTHBHyio flHarpaMMy: 



/^^z/2M _ ^2'^-^ A;2<^-i) Z/2 

J- ^z/2[d+ii II (15) 

7mm^/2"^+^'(n-A;2^)t2<^) Z/2. 

B paa^ejie 1 onpe;i;ejieiio nonaTne Jft-CTpyKTypbi (aSejieBa CTpyKTypa) 
CKomeHHO-ocHaineHHoro norpyaceHHa, npeflCTaBJiaiomero 3JieMeHT h3 rpyn- 
nbi Imm^f {n — k, k). /^OKaaana TeopeMa 6 o tom, hto npn cooTBeTCTByioinHx 
pasMepHOCTHbix orpaHHMeHHflx h no MOflyjiio sjieMenTOB HCMeTHoro nopa^Ka 
npoH3BOJibHbiH Kjiacc Ko6op/i;H3Ma CKomeHHO-ocHameHHoro norpy^KenHa ^o- 
nycKaeT Jf,-CTpyKTypy. YcjiOBHe stoh leopeMbi npeflnojiaraei cymecTBOBa- 
HHe peTpaKLi,HH xapaKTepHCTHHecKoro KJiacca CKomeHHO-ocHaineHHoro mho- 
roo6pa3Ha, cm. Onpe^ejienne 5. TeopeMa o peTpaKii;HH ^OKaaana b paa^ejie 
8. 

B paa^ejie 3 c4)opMyjiHpoBaHO nonaTne la © la^CTpyKTypbi (6Hn,HKjiHHe- 
CKaa CTpyKTypa) Z/2[^l-ocHameHHoro norpyiKenna. B Cjie^CTBHH 13 Teope- 
Mbi 12 ^OKasbiBacTca, hto b ycjiOBnax TeopcMbi 6 (r^e, b nacTHOCTH, onpe- 
flcjieno HaTpypajibHoe hhcjio Us) npoHSBOJibHbiH ajieMCHT h3 rpynnbi 

T /j:^ t sft n-rbs n-n,^ 
im(o ,•^[3] : Imm ■' [n — 



^z/2[3l -^""^ 32 ' 32 ^ 

Imm^^in-^,^)) (16) 

npe/iCTaBjien Z/2[3] -OCHameHHbIM nOrpy^KeHHCM C 6HnHKJTHMeCK0H CTpyK- 

Typoii. /Ijia TaKoro norpyjKenHa HHBapnaHT KepBcpa Bbipa»caeTca ^epea 
la ® la^xapaKTcpHCTHMecKHH Kjiacc MHoroo6pa3Ha caMonepeceHCHHa. 

B paa^ejie 4 cc|)opMyjiHpoBaHO nonaTne Qa © Qa-CTpyKTypu (6HKBaTep- 
HHOHHaa CTpyKTypa) fljia Z/2[^]-ocHain;eHHoro norpyjKenHa. B CjieflCTBHH 
19 TeopcMbi 18 ;i;0Ka3biBaeTca, hto b ycjiOBnax TeopcMbi 7 nponaBOJibHWH 
ajieMCHT H3 rpynnbi 



Im{5 flg^ : Imm^^{n 



n — n. n — 



32 ' 32 



/mm^/=^'" (n - ^— ^, ^— ^)) (17) 



n — ns n — n 
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npe;i;cTaBJieH -ocHameHHbiM norpy^KGHHeM c SnKBaTepHHOHHOH CTpyK- 
Typoii. /Jjia Taxoro norpyjKeHHa HHBapnaHT Kepnepa BbipajKaeTca nepea 
Qa ® Qa^xapaKTepHCTHHecKHii Kjiacc MHoroo6pa3Hfl caMonepeceMeHHfl. 

Abtop 6jiaro/i,apHT npo(J). M.Mahowald'a (2005) h npo(|). R.Cohen'a 
(2007) 3a o5cy>KfleHHa, HpocJ). A.A.BoponoBa aa npHrjiainenHe c .T,OK.iTaflOM 
B yHHBepcHTeT MHHHecoTbi (2005). npo(J). B. HepnoBa aa npHrjiameHne c 
flOKJia^OM B /lapTMycKHH KojiJie^jK (2009). 

Pa6oTa 6biJia nanaTa na ceMnnape M.M.riocTHHKOBa b 1998 rofly. Pa- 
6oTa nocBamaeTca naMaTH HpocJ). lO.n.CojiOBbeBa. TeopeMa o peTpaKn,HH 
flOKaaana na ceMHHape A-CMnmenKO. 

2 reoMexpHMecKHH KOHxpojib MHoroo6pa3Ha 
caMonepeceHGHHa CKomeHHO-ocHameHHbix 
norpy:aceHHH 

B 3T0M H B nocjie;i;yioiii;Hx paa;i;ejiax nepea Imm^^{n — k,k), Imm^*{n — 
2k, 2k), H.T.fl. Sy^yT oSoaHanaTbca ne caMH rpynnbi KoSop^naMa, a hx 2- 
KOMnoHeHTbi. EcjiH nepBbiH apryMeni b CKoSKax, oSoana^aiomHH paaMep- 
HOCTb norpyjKeHHoro MHoroo6paaHa, CTporo nojioJKHTejien, to yKaaannaa 
rpynna aBJiaeTca KOHeHHOii 2-rpynnoH. 

/lH3;i;pajibHaa rpynna D4 onpe;i;ejTaeTca cbohm KonpeflCTaBJienneM 
{a,6|a^ = = e,[a,b] = a^}. 9Ta rpynna aB.rraeTca no^rpynnoii b rpyn- 
ne flBHiKennn njiocKOCTn 0(2), T.e. rpynnoii npeoSpaaoBannn CTanflapTnon 
njiocKOCTH, coxpanaion],eH napy nanpaBjiaioin,Hx npaMbix, nopojKflennbix 6a- 
ancHbiMH BeKTopaMH {fi, f2}. SjieMBHT a npe^CTaBJien Bpan^enneM njiocKOCTH 
na yroji |. 3jieMenT b cooTneTCTByeT OTpajKennio njiocKOCTH OTnocHTejibno 
npaMOH c o5paayioiu,HM neKTopoM fi + f2 . 

PaccMOTpHM noflrpynny J;, C D4 flnaflpajibnoii rpynnbi, nopojKflennyio 
3JieMenTaMH {a^, b}. SaMeinM, mto 3to ajieMeniapnaa 2-rpynna panra 2. 
3to - rpynna ^BHJKennH, coxpanaioni;HX no OT;i;ejibnocTn KaiK^yio na npa- 
Mbix /i, I2 c nanpaBJiaioin;HMH neKTopaMn ii + (2, f 1 — ^2 cooTBexcTBenno. 
Fpynna KoroMOJiornii H'^{K{3h,l);1j/2) TaKJKe anjiaeTca sjieMeiiTapiioii 2- 
rpynnoH c flnyivia o5paayioni,HMH. OnpeflejiHM oSpaayiomyio Kd (kc) rpynnbi 
H^{K{Ji,, l);Z/2), OTBenaiomyio aa npeo6paaoBanHa npaMoii li (npaMon ^2) 
cooTBCTCTBenno npn CHMMeTpnax njiocKOCTn. KoroMOJiorHHecKnii KJiacc Kc^d 
aBJiaeTca 3JieMenT0M na rpynnbi i7^(i^( J;,, l)Z/2)), KOTopbin o6oanaHaeTca 
nepea Tf,. 

PaccMOTpHM OToSpajKenne % : i^(Jb, 1) — > K(T)4, 1) n paccMOTpnivi 06- 
parabiii o6paa ^^(''"[2]) 3HJiepoBoro Kjiacca rpj G H'^{K(D4,l);Z/2) ynnnep- 
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cajibHoro 2-paccjioeHH5i. HeTpyflHO npoBepHTb paBencTBO 



^liri2]) = n. (18) 

Onpe;i;ejieHa pacinenjiaiomaaca npoeKii;Ha pb^d '■ Jb ^ Jd na ajieivieHTapHyio 
2-rpynny 3d- OGpaayiomafl oGpaaa npe^CTaBjiena KjiaccoM cmg^khocth sjie- 
MGHTa (n,eHTpajibHaa CHMMeTpna) . Pacmenjiaiomee Bjio>KeHHe o6o3HaHHM 
^epea idfi : Jd C J;,. 3to BjiOKenne onpe^ejieno Tax, ^to oSpaayiomaa rpyn- 
nbi 3d npH 3T0M BJiojKeHHH nepexo;i;HT b no;i;rpynny CHMMeTpHH njiocKOCTH, 
nopojK^eHHyio CHMMeTpneii npaMofi li. 

Onpe^ejieHHe 3. HycTb CKomeHHO-ocHameHHoe norpy>KeHHe {f,S,KM), 
f : M"-'^ S-^ npe^CTaBjiaeT sjieivieHT x G Imm^^{n — k,k). HycTb 
D4-ocHaiii;eHHoe norpyjKeHne ((7, r/^v), g '■ N"'"^'' ^ npe;i;cTaBJia- 
GT BJieMGHT 1/ = S^^{x) G Imm^^iji — 2k, 2k). CKajKeM, hto CKomeHHO- 
ocHaineHHoe norpyjKeHne (/, S, km) aBJiaeTca J;,-norpy>KeHHeM (aSejieBbiM 
norpy>KeHHeM), ecjiH CTpyKTypnoe OTo5pa>KeHHe rj^ '■ N"-'"^^ — > ^^(04, 1) 
npeflCTaBjieno b bh^g KOMno3Hn,HH r^b^^r : _/V"~^'^ — > K{3b, 1) h OTo5pa>KeHHa 
tt:K{3b,l)^KCD^,l). 

Onpe^ejieHHe 4. HycTb CKomeHHO-ocHaineHHoe norpyjKenHe (/, S, k), / : 
]\^n-k c|_^ -^n npe;i;cTaBJiaeT sjieivieHT x G Imm'^f {n — k, k), npHneivi n > 32k. 
HycTb D4-ocHameHHoe norpyjKenHe ((7, ?7Ar), g : A^""2fc ggjjggrj,^.^ 
norpy>KeHHeM MHorooSpaana caMonepece^eHHa norpyjKenHa / h npe;],CTaB- 
jiaeT sjieMGHT y = S^^{x) G ImmP^{n — 2k, 2k). CKajKCM, hto CKomenHO- 
ocHameHHoe norpyjKeHne (/, S, km) flonycKaeT aSejieBy CTpyKTypy (Jfe- 
CTpyKTypy), ecjiH cymecTByeT OTo5pajKeHHe rjb : N^~'^^ K{3b,^), yflo- 
BjieTBopaiomee cjie^yiomeMy ypaBHenHio: 

n-32fc 

QUy) = {vN\J m)- (19) 

B 3T0M ypaBHeHHH xapaKTepHCTHHecKHH KJiacc Tjl^jy^Tb) G iJ^(A^"~^'^; Z/2) 
CHOBa o6o3Ha^eH ^epea rjb^N, [N]- (J)yH^aMeHTajibHbiH Kjiacc MHorooGpaana 
j\jn-2k ^ r/AT G if^(A^"~^^; Z/2) - xapaKTepHCTHnecKHH Kjiacc D4-ocHameHHa 
MHoroo6pa3Ha iV"~^'^, xapaKTepncTH^ecKoe ^hcjio 9^^ onpe^ejieno no 
(jDopMyjie ([5]). 

IlpHMep 

HycTb CKomeHHO-ocHameHHoe norpy»ceHHe (/, S, K^f), / : M"~'^ S-> M" 
npe;i;cTaBJiaeT sjieivieHT x G Imm^^ {n — k,k), n > 32k h aBJiaeTca 3b- 
norpy>KeHHeM. Tor^a CKomeHHO-ocHameHHoe norpyjKenHe (/, S, km) flonyc- 
KaeT aSejiGBy CTpyKTypy. 
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Onpe^ejieHHe 5. HycTb {f,E,K,M) G Imm'^^ {n — k,k), f : M"~^ Sh> 
R", Km £ H^{M"'~'';Z/2) CKomeHHoro ocnameHHa S. CxajKeM, hto na- 
pa (M""'^, Km) flonycKaeT peTpaKn,Hio nopaflKa 5, ecjiH OTo6pajKeHHe km '■ 

]\/[n-k _^ KP°o npe^CTaBjieHO cjie/xyiomeH KOMno3HHHeH k = I o k'^j : 
]\^n-k _^ ^n-k-q-1 ^ ]gp=>o. CxaiKeM, HTO sjiGMeHT [(/, S, K,Af )] ;n,onycKaeT 
peTpaKii;Hio nopa^Ka ecjin b stom KJiacce KoSop^HSMa cymecTByeT TpoiiKa 
(M'"~'^, H', k'^), ;i;onycKaioiii;aa peTpaKn;Hio nopa^xa q. 

Teopeivia 6. IJycmb Ug, n > Ug, namypaMjuoe hucao euda 2* — 2, s > 6. 
UpednoAOCHCUM, umo aAeMeum a G Imm^-^{n — "3^° ; "32"° ) donycKaem pe- 
mpaKViUH) nopndKa g = ^ + 1. Tozda aAeMenm a donycKaem Jj,-cmpyKmypy. 

J\oKameM cjie^yioinyio Jieiviiviy. 

JleMMa 7. /I^AH npouaeoAbHoso uamypaAhHozo k' , k' = 1 (mod 2), k' > 7, 

cyvj^ecmeyem P L-omo6pacHceHue d : MP"^'^ o6m,ezo noAooicenuH, dAH 

Komopozo MH020o6pa3ue N(d) c oco6eHHOcmHMU c KpaeM rnoHCK caMonepece- 
uenuM omo6paMceHUH d donycnaem omo6pa()tceHue Kiv((i) • N(d) K[Jd, 1), 
ospaHUHCHue Komoposo na Kpau dN{d) (npau amoso MH020o6pa3UH c oco6eH- 
HocruHMU cocmoum U3 KpumunecKux moueK omo6paotceHUH d) coenadaem c 
KOMno3uuueu dN{d) MP"-'^' C KP°° = K{Jd, 1). 

KoHCTpyKij;HH OTo6pa:aceHHH d : MP"~^ — > M" 

06o3HaMHM Hepea Jq CTan^^apTHyio {n — /c')-MepHyio c(J)epy KopaaiviepHOCTH 
k' , KOTopaa npeflCTaBJiena KaK ^jkohh ""^"'"^ = r Konnii OKpyjKHOCTH 5*^. 
06o3HaHHM CTaHflapTHoe BjiojKenHe Jo b R" ^epea ij^ : Jq C R". 

Onpeflejieno OTo6pajKeHHe p' : S'^~^ — > Jq, KOTopoe nojiyMaeica b 
peayjibTaTe BsaTHa flJKOHHa r KonHii CTanflapTHBix 2-jiHCTHbix naRpbiTHii 

— > KP^ CxaH^iapTiioe aHTHno;i;ajibHoe ;i;eHCTBHe Z/2 x 5'""'^ gn-k ^ 
KOMMyTHpyeT c OTo6pa>KeHHeM p' . TeM caMbiM, onpe^ejieno OTo6pa>KeHHe 

PaccMOTpHM KOMno3Hn,Hio ijQ o p : MP""'^ — > Jq C M". OTo6pa>KeHHe d 
onpeflejieno b peayjibTaie Majioii 5-fl,e^opuais,w oSinero nojioJKenHa 3Toro 
OTo6pa>KeHHa. Z[e4)opMaii;Ha ij^op 1— > d h ee xajinSp BbiSnpaiOTca b npoii;ecce 
flOKaaaTejibCTBa. 

/^OKaaaTejibCTBO JleMMbi 7 

^OKaaaTejibCTBO anajiorH^HO flOKaaaTejibCTBy JleMMbi 24 h3 [A]. 
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/^OKasaTejibCTBO TeopeMfai 6 

Onpe^ejTHM k = . HycTb sjieivieHT a npe/iCTaBjien CKomeHO-ocHaTTi,eHHbiM 
norpyiKeHHeM [J^'^^km), f '■ M^~^ S-^ W\ Ho npeflnojiOiKeHHio cymecTByei 
OTo6pa>KeHHe k'j^ : M^~^ — > HP"'"'^"*"^, TaKoe, mto KOMno3Hn,Hfl M^"^ — > 
^n-k-q-i (- x(j^^i) coBna^aeT c OTo6pa>KeHHeM k : M"-'^ K{3d,l), 
q — ^ + 1. SaMBTHM, HTO k + q + 1 iie^eTiio, o6o3HaHHM 3to hhcjio nepea k' 
H paccMOTpHM OTo6pa»ceHHe d : MP"^''' M", nocTpoenHoe b JIgmmb 7. 

BbiSepeM no.iiojKHTejibiioe ^iHC.rro e MeHbniHM pa;i;Hyca peryjiapnoii (no- 
rpyjKeHHoii) OKpecTHOCTH Ureg peryjiapHbix tohck OTo6pa>KeHHH d h MeHb- 
niHM paflHyca peryjiapHOH OKpecTHOCTH UQM{d) (HorpyjKenHOH) kphthmbckhx 
TOHCK 3Toro OTo6pa>KeHHa. PaccMOTpHM norpyxeHHe /i : M""*^ S-^ b 
KJiacce peryjiapHoii roMOTonHH norpyjKeHHa / Taxoe, hto BbinojiHeno nepa- 

BBHCTBO 

dist((i o k'] fi)co < £■ 

HorpyiKeHHe /i aBjiaeTCfl CKomeHHO-ocHamenHbiM nocpeflCTBOM Si c tgm 
me xapaKTepHCTHMecKHM KjiaccoM CKomeHHoro ocnameHHa km, npn 3tom 
[{fi, El, Km)] — a, cm. [A], Cjie^CTBHe 23. 

/^OKajKeM, HTO CKomeHHO-ocHaineHHoe norpyjKeHHe /i ^onycKaeT J^- 
CTpyKTypy. 06o3Ha^iHM Mepes N^^'^^ MHorooSpasHe caMonepeceneHHa no- 
rpyiKGHHa /i. OnpeflejiHM OTo6pajKeHHe rjb : A^"~^*^ — > K{ii„ 1). PaccMOTpHM 
npeflCTaBjieHHe MHoroo6pa3Ha 7V"~^'^ b bh^b o6T3eflHHeHHa flByx MHoroo6pa- 
3HH no o6nieH nacra ^paHH^bI: N^''^'' = N'^ll) N^'g^^ . B 3toh 4)opMyjie 
^N{d) ^ MHoroo6pa3He c KpaeM, norpyjKenHO b peryjiapnyio (norpyjKeHnyio) 
OKpecTHOCTb C/Ar(d) MHoroo6pa3Ha c ocoSeHHOCTaMH c KpaeM N(d) tohck ca- 

jn-r 
reg 



MonepeceneHHa OTo6pa>KeHHa d. MHoroo5pa3He N'^^.g^^ c KpaeM, norpy>KeH- 
HO B norpyjKeHHyK) OKpecTHOCTb Ureg- 06iii;hh Kpafi MHoroo5pa3HH N?~'^'' 



N'^^g^^ aBjiaeTca 3aMKHyTbiM MHorooSpasne pa3MepH0CTH n — 2/c — 1, 3to 
MHoroo5pa3He norpyiKeno b rpaHHn,y norpyjKeHHoii okpgcthocth Ugj^f^^)- 

OnpeflBJiHM Ha MHoroo6pa3HH TVf "^'^ KoroMOJiorHnecKHH Kjiacc Kd^N^ £ 
^i^^n-2fe.2^2) 0T06pa>KeHHeM A^{^-2fe Ha noflMHoroo6pa3HH 

^reg^^ OHpeflejIHM OTo5pa>KeHHe Kd,Nreg '■ ^reg^^ ~^ K{Jd, 1) KaK K0MH03H- 

^HK) ^poeK^HH N^-g^'' IP"-'^' H BKJironeHHa MP'*-'^' C 1P°° = K{3d,l)- 
Ha no.T,MHoroo6pa3HH N^~^^^ onpeflejiHM OTo6pa>KeHHe KN(^d) '■ ^N\d) ~^ 
K(Jd, 1) KaK KOMno3Hn,Hio npoeKn,HH N^~^^-^ N(d,) h OTo6pa>KeHHa Kd : 
N{d) — > K{3d, 1), nocTpoeiiiioro b Jleuue 7. Orpaim^ieima OTo6pa>KeHHH 
f<'N{d)^ f^d,Nreg K])SiSi dN^~^^^^ H dNl^^g^^ roMOTonHbi, nocKOJibKy OTo5pa>Ke- 
HHe HN{d) '■ ^(d) — > K(Jd, 1) yflOBjieiBopaeT na dN(d) rpanHnnoMy ycjio- 
BHK). Cjie^OBaTejibHO, onpe^ejieHO OTo6pa>KeHHe K,d,Ni '■ A^"~^'^ — > K(3a, 1) 
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KaK peayjibTaT ckjighkh OTo6pajKeHHH K,N{d) h i^d,Nreg- 

KoroMOJiorHHecKHH KJiacc Tc^tvi ^ H^(N^~'^'']Z/2) onpe;i;ejiHM KaK xa- 

paKTepHCTHHeCKHH KJiaCC KaHOHHHeCKOrO ^ByjIHCTHOrO HaKpblTHfl ly^ — s> 

Ni~ . riapa KoroMOJiorH^ecKHx KjiaccoB Kc,Ni, i'd,Ni onpeflejiaiOT hckomog 
OTo5pa>KeHHe ?7f,,iv^ : A^"~^^ K{Jb,l). 3to OTo6pa>KeHHe oflHoanaHHO xa- 
paKTepnayeTca tgm, mto vlN^d) = i^d,Ni, vInMc) = i^c,n^- 

HpoBepHM ypaBHenne ( flQl ). PaccMOTpHM OTo6pa>KeHHe : M^~^ —>■ 

^n-k-q-l ^ paCCMOTpHM 0T06pa>KeHHe ■■ M^-^ ]^n-k-q-l^ 

KOTopoe onpeflejieHO KaK orpaHHMeHne na nojiHbin npooGpaa 

M^-^^'' = /€'-i(lP"-i6fc-9-i) npoeKTHBHoro no^^npocTpancTBa MP"-^6fc-g-i ^ 

j^n-fc-g-i KopasMepnocTH 15A;, b npe^nojiOKenHH, hto OTo6pa>KeHHe 
TpancBepcajibHO b^ojib 3Toro noflMHoroo5pa3Hfl. 

PaccMOTpHM norpyjKeHHe /2 : M^~^ S-^ M", KOTopoe onpe^ejieno KaK 
orpaHHHeHHe norpyjKeHna /i na no;i;MHoroo5pa3He iM '■ MJ^'^^^ C M^~^ . Ho- 
rpyjKeHHe aBJiaeTca CKomeHHO-ocHameHHbiM b KopaaiviepHOCTH IQk. OSoana- 
^HM CKomeHHoe ocnameHHe SToro norpy>KeHHfl ^epea S2, a xapaKTepncTH- 
^ecKHii Kjiacc SToro CKomeHHoro ocnameHHa ^epea KM2 ^ i^^(M^~^^'^; Z/2). 
Ho nocTpoeHHK) KM2 = i*Mf^M- TpoHKa (/2,H2,km2) onpe^ejifleT sjieivieHT 
Jlf{a) G Imm'f{n - 16k, 16k). 

PaccMOTpHM MHorooSpaane tohck caMonepeceneHHa norpyjKeHna /2 h 
o6o3Ha^HM 3T0 MHoroo5pa3He nepea A^^~^^'^. Onpe^ejieHO ecTecTBenHoe bjio- 

JKCHHe 

iN, : N^-^^'' C (20) 
OyH^aMeHTajibHbiii Kjiacc paccMaTpHBaeMoro no^MHorooGpaaHa npe^CTaB- 

JiaeT n,HKJI iAr^,*([A^2]) £ Hn-32k{N^~ ;^/2). 3tOT n,HKJI ^BOHCTBeneH B 

CMbicjie HyaHKape ^HKJIy r/^f^fc ^ H^^^{N'^^^^-Z/2). 

/^OKajKeM, HTO no;i;MHoroo6paaHe (l20l) ii;ejiHKOM co;i;ep>KHTca b no;i;MHO- 
rooSpaann N^^'^'' C N^~'^^ , T.e cnpaBefljiHBO BKJiiOHeHHe 

Jm(i;vi(A^2"'^"')) C Ar;-^'^ c N'^-^^. (21) 

PaccMOTpHM CTpyKTypnoe OTo6pa>KeHHe rjN{d) '■ {N{d),dN{d)) 
{K{'D4,1), K(Ib,l)) H oSoanaHHM cnoBa ^epea 77Ar(rf) G H^{N{d);Z/2) 
xapaKTcpHCTH^ecKHH Kjiacc, KOTopbiH HHflyn,HpoBaH Ha yHHBepcajibHoro 
KJiacca ?7[2] € if^(-ft'(D4, 1); Z/2) (na sfljiepoBoro KJiacca yHHBepcajibHO- 
ro D4-paccjioeHHa) OTo6pa>KeHHeM T]N{d)- Kjiacc roMOJiornn {r]}^l'Y°'^^ G 
-f^n-32fc(^"^^;^/2) npeflCTaBJiCH ii;hkjiom, orpanHHenHe KOToporo na no^i;- 
MHorooGpaane c KpacM N^~^'^^ C N^~'^^ coBna;],aeT c nojiHbiM npooSpaaoM 

OTHOCHTejibHoro ii;HKJia {{riis[{d)Y^'^)^°^'^ npn npoeKii;HH N^^^^ N{d) na ii;eH- 
TpajibHoe no^MHorooSpaane c ocoScHHOCTaMH c KpacM b peryjiapnoH norpy- 

JKCHHOH OKpeCTHOCTH. 
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Ho coo6pa>KeHHaM paaiviepHOCTH, nocKOJibKy paaiviepHOCTb dim{N{d)) = 
n — 2k — 2q — 2 = n — — Ug — 2 Menbine KopaaiviepHOCTH noflMHorooS- 
paana (l20l) . KOTopaa paBHa 30k = OTHOCHTejibHbin roMOJiorHnecKHH 

Kjiacc, flBOHCTBeHHbiH Kon,HKjiy (?7Ar(d))^^'^, npeflCTaBjien b N(d) nycTbiM mho- 
rooSpasHeM. 3to flOKasbiBaeT (J)opMyjiy ( 12T]) . 

Tenepb ^jia flOKaaaTejibCTBa ( flQl l flocTaTonno saivieTHTb, ^to b cnjiy 4)op- 
Myjibi (l2T!) . koii;hkji ^^h^TVi G H'^ {N^'"^^ ; 7^ /2) , orpaHH^enHbiH na no^MHorooS- 
paane (l20ll . coBna;i;aeT c orpaHnneHHeM KOii;HKJia ?7Ar^ G H'^{N^~'^^]'L/2) na 
3T0 >Ke MHorooSpaane. Tgm caMbiM, (|)opMyjia (fT9l) h TeopeMa 6 flOKaaanbi. 



3 Ifl la-cxpyKxypa (6HD;HKjiHHecKaa cxpyKxy- 
pa) Ha Z/2[^]-ocHaiii;eHHOM norpy:aceHHH 

BcnoMHHM onpe^ejiGHHe n,HKjiHHecKOH no^rpynnbi Iq C D4, cm. [A], paa^eji 
2. Onpe;],ejiHM no;],rpynny 

i,ed:Ia©iaCZ/2W. (22) 

B eBKjiHflOBOM npocTpancTBe onpe^ejieH opTOHopMajiBHbiH Saanc 
(ei, . . . , eg), npn noMomH KOToporo onpe^ejiajiacb rpynna Z/2W. 

OSoanaHHM o5pa3yioni;He cjiaraeivibix rpynnbi Iq © nepea a, a cooTBeT- 
CTBenno. OnnmeM npeo5pa30BaHHa h3 Zg'^', KOTopbie cooTBeTCTByiOT KajK^on 
oGpaayiomen. PaccMOTpnivi hobbih Sasnc {fi, . . . , fg}, onpe^ejienHbin (J)opMy- 
jiaMH f2i_i = e2i-i + 621, f2j = e2i_i — e2i, z = 1, . . . , 4. OGpaayiomaa a nopa^i,- 
Ka 4 npe;i;cTaBJieHa noBopoTOM b KajKfloii njiocKOCTH (fijfs), (fs, fy) na yroji 
I H oflHOBpeMennoH n;eHTpajibHOH CHMMeTpneii b njiocKOCTH (£2 — £4, fe — fs)- 
06pa3yioni;aa d npe;i;cTaBJieHa noBopoTOM b njiocKOCTax (f2 — f4, fe — fs), 
(f2 + f4, fe + fg) Ha yroji | n oflHOBpeMennoH n,eHTpajibHOH CHMMeTpnen b 
njIOCKOCTH (fi — fs, fa — fy). 

HoKajKeM, ^TO rpynna npeo5pa30BanHH © la HMeeT nnBapnaninbie 
(2, 2, 2, 2)-MepHbie noflnpocTpancTBa, KOTopbie mm o6o3HaHHM Hepe3 

K,-. K- 

no;i,npocTpancTBO ]R^_,_ nopojK^eno napoii neKTopoB (fi + fs, fa + f/). Ilojx- 
npocTpancTBO ]R^_ nopo>K;],eno napoii bgktopob (fi — fsjfs — fy). Ho^tnpo- 
CTpancTBO M| nopo>K;],eno napon nexTopoB (f2 + f4, fe + fg)- no;i,npocTpan- 
CTBO _ nopojKfleno napoii BCKTopoB (f2 — f4, fe — fg) 

06pa3yioni;aa a ;i;eiicTByeT noBopoTOM na yroji | b KajKfloii njiocKOCTH 
_ H CHMMeTpneii b njiocKOCTn ]R| _, KOTopaa, onenn^no, KOMMyinpy- 
CT c ^encTBneM o6pa3yion],eii d b stoh njiocKOCTn. 06pa3yion];aa d ^eiicTnycT 
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noBopoTOM Ha yroji ^ b KajK;i;oH hjiockocth IR| + '^1,- ^ oflHOBpeivieHHO ii;eH- 
TpajibHoii CHMMeTpnefl b njiocKOCTH KOTopaa, OMeBHflHO, KOMMyTHpyeT 
c ^encTBHeM oSpaayiomeH a b 3tom njiocKOCTH. Hoflrpynna ( i22l ) onpeflejiena. 
YfloSHO nepefiTH k HOBOMy 5a3Hcy 

(hi,+, h2,+, hi _, hs _, hi,+, h2,+, hi _, hs _). 

Hapbi BeKTopoB (hi+,h2,+), (hi_,h2,_) 3a;i,aiOT Saancbi b no^tnpocTpan- 

CTBaX ffia+, _ COOTBeTCTBeHHO. ^ajIGG napbl BCKTOpOB (hi _|_, h2,+) , 

(hi _,h2^_) 3a;i;aiOT Saancbi b no^npocTpaHCTBax ffi|+, IR| _ cooTBeTCTBen- 

HO. 

PaccMOTpHM noflrpynny ia(sd,am '■ ® C © I^, KOTopaa onpe^e- 
jiena npsiMOH cyMMoii rpynnbi c sjieMeHTapHOH no^rpynnoH 1^ BToporo 
cjiaraeMoro. Onpe^ejieno Bjio>KeHHe z^^^ : la © 1^ C Z/2^^\ corjiacoBanHoe c 
BJiojKeHHeM (l22l) . Hpn stom onpe;i;ejieHa KOMMyTaTHBHaa flnarpaMMa: 



h,aS)d i ^[3] i 

Ia©i, M Z/2[3] (23) 

Ia©i„ ^ Z/2W. 

OnpeflejIHM TaK>Ke BKJIIO^eHHe ij,a®d ~ '^h,a®Phd • Jf) C Ia©Id. FoMOMOp- 

4)H3M 2a f, : Jfe — i> la onpeflejiGH KaK KOMno3Hn,Ha roMOMop(|)H3Ma npoeKn,HH 
Jfe ^ I(i H roMOMop4)H3Ma BKJiiOHeHHa Id C Iq. Hpn stom onpe;i;ejieHa kom- 
MyTaTHBHaa flnarpaiviMa: 



J, D4 ''^^ D4©D4 

Ve^n ^[3]n (24) 

la ©id ^ Z/2[3]. 

Onpe^ejieHHe 8. HycTb Z/2t^]-ocHameHHoe (Z/2W-ocHaiii;eHHoe) norpy- 
jKCHHe (/i,A,Cl), : ^ M" (/i : L""^'' W) npe;;cTaBjiaeT 3Jie- 

MGHT z G Imm'^/'^'^^\n — Ak,Ak) (z G Imrn7'/'^^^\n — 8k, 8k)). CKajKCM, hto 
3T0 Z/2[^]-ocHaiii;eHHoe (Z/2W-ocHaiii;eHHoe) norpyjKeHne aBJiaeTca la©!^- 
ocHameHHbiM (Ia©Ia^ocHaiii;eHHbiM) norpyjKeHHeM, ecjiH CTpyKTypnoe oto5- 
pa>KeHHe (l ■ L-^'^^ ir(Z/2Pl,l) ((^ : L"-^'^ ^ /s:(Z/2W,l)) npe;;cTaB- 

JienO B BH^e K0Mn03Hn,HH OTo6pa>KeHHa Ca®d l • — > i^' (la © Id, 1) 
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(C„®d,L : L'"-^'' K{Ia © ia, 1)) H OToSpajKeHHa i^^^ : © i^, 1) ^ 

ir(Z/2[3], 1) (^,35, : K{Ia © ia, 1) ^ i^(Z/2W, 1)). 

PaccMOTpHM anajiorH cooTHomeHna (fTSll flJia rpynn © 1^ h !„ © Iq- 
ocHameHHbix norpyjKeHHH cooTBeTCTBeHHO. 

Tpynna KoroMOJiornfi H'^{K{la © Jd, l);Z/2) {H\K{Ia © 1^,1); Z/2) 
coflep>KHT sjieMGHT T^^^, (Taea)) KOTopbiH onpe^ejiacTca HH>Kecjieflyioiu,eM 
ypaBHeHHeM (l25l) ( (i26l) ). 

PaccMOTpHM OTo6pa>KeHHe i^^^ : K{Ia © 1^,1) — * _ft'(Z/2['^l, 1) ( 

iaf^a '■ K{Ia © !«, 1) — ^ ii'(Z/2W,l)) H paCCMOTpHM o5paTHbIH o5- 

pa3 ^*^^(t[3]) (^aea('^w)) xapaKTepHCTHHecKoro aiijiepoBoro Kjiacca rpj G 
i/4(/(Z/2[3]),l);Z/2) (r[4] e //^(ir(Z/2W),l);^/2)) ynnBepcajibHoro pac- 
cjioeHHa. OnpeflejiHM 

^I®d(^[3]) = (25) 

^aea(^[4]) = T-aea- (26) 

B pasflejie 1, ^Jia Z/2t'^~*"^l-ocHaiii;eHHoro norpyaceHna (/i, A,(^/^), napa- 

fly C 2'^-MepHbIM XapaKTepHCTHHeCKHM KJiaCCOM (l G i?^ ^]^n-k2 ■^/2)^ 

paccMaTpHBajica TaK»ce 2-MepHbiH xapaKTepncTHHecKHH KJiacc C[2],l ^ 
i/2(L--'=2^'=;Z/2). A^ia OToSpa^enna Ced ^ ^ i^(Ia © Id, 1) (Caed : 

jji-sk _^ K{la © la; 1)) aHajiOFOM xapaKTepHCTHHecKOFO KJiacca C[2],L cjiy- 
>KHT xapaKTepHCTHHecKHH KJiacc Cb^L G Z/2), npn (i = 3 (C^^i, G 

i7^(L^~*'^; Z/2), npH (i = 4). Onpe^ejiHM btot 2-MepHbiH xapaKTepHCTHne- 
CKHH KJiacc. 

XapaKTepHCTHHCCKHH KJiacc Cb,L HH;i;yii;HpoBaH h3 yHHBepcajibHoro KJiac- 
ca n e H'^{K{:i^,l)-'L/2) npH OTo5pa>KeHHH Cfe.L : L^'^^ ^ ^(Jb, 1) 
(Cfe^i : L1~^^ — > -ft'(Jb, 1)). OToGpajKCHHe Cb.L onpe^ejieHO KaK 2-jiHCTHoe na- 
KpbiTiie OTo6pa>KeHHa C,n OTHOCHTCJibHO noflrpynnbi : J;, C la © Id (KaK 

4-jiHCTHoe HaKpbiTHC OTHOCHTCJibHO noflrpynnbi ib,a®d : Jfe C la © la)- 3to 
2-jiHCTHoe (4-jiHCTHoe) HaKpbiTHe na^i; MHorooSpaaiieM L"'~*^ (L"~^'^) othoch- 
TejibHO no^irpynnbi i,,^aG)d (^b,aed) oSosHanaeTca nepea 7r^_aerf • -^h"^'' ^ /^n-4fe 

. fn—8k , rn— 8A;\ 

Onpe^ejieHHe 9. HycTb D4-ocHaiii;eHHoe norpyjKeHne ?7Ar), g : 

j^n-2k jjjn npeflCTaBJiacT sjieMCHT y G ImmP^in — 2k, 2k), npHHCM 
n > 32k. EycTb Z/2[^l-ocHaiii,eHHoe norpyaceHiie (/i,A,Cl), h : L"-'^'^ c|_^ M" 
aBjiacTca norpy>KeHHeM tohck caMonepeceneHiia norpyjKeHiia g h npe^CTaB- 
jiacT sjieMCHT z = ^^/^'^'''^(i/) G Imm^/'^^^\n — Ak,Ak). CKajKCM, hto D4- 
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ocHaineHHoe norpyjKeHne {g,'^,riN) ;i;onycKaeT © I^-CTpyKTypy, ecjiH cy- 
mecTByeT OTo6pa>KeHHe Ca®dL '■ L"'~^^ — > K{la ® 1^,1), yflOBJieTBopaiomee 
ypaBHeHHio: 

_ n-32fc _ 

0^,(^/) = WW(cr)C,/ -AU). (27) 

r^e [Lb]^ 4)yH;],aMeHTajibHbiH Kjiacc MHorooSpaana L^~'^^ , xapaKTepHCTH^e- 
CKoe ^HCJio onpe;],ejieHO no 4)opMyjie (Ej). 

Onpe^ejieHHe 10. HycTb Z/2[^l-ocHameHHoe norpyjKenHe {g,'^,r]]\f), g : 
j^n-Ak j^n npe^CTaBjiacT sjieMGHT y G Imm^/'^^^\n — Ak,Ak), npn^eM 
n > 32k. EycTb Z/2W-ocHaiii;eHHoe norpyaceHne (H^AXl), h : S-^ M" 

aBJiaeTca norpyjKeHneM tohck caMonepeceneHHa norpyjKeHna g h npeflCTaB- 
jiaeT BJieMGHT z = 

e Imm^/^^'\n-Sk,Sk). CKa>KeM, ™ Z/2[3l- 
ocnameHHoe norpy>KeHHe {g^'^^rjN) flonycKaeT 5Hn,HKjiHHecKyio CTpyKTy- 
py (la © la-CTpyKTypy) , ecjiH cymecTByeT OTo5pa>KeHHe Ca®a,L '■ 
K{Ia © la, 1), yflOBJieTBopaioinee ypaBHeHHio: 

_ n-32fc _ 

©1/2131 (l/) = «ae.,L(CL)''=4,/ ; [U]), (28) 

r^e 4)yH;],aMeHTajibHbiH Kjiacc MHorooSpaana Zj^"®^, xapaKTepHCTH^e- 

CKoe ^HCJio 0|/2[3i onpe;],ejieHO no (J)opMyjie (fT4ll . 

IlpHMep 

HycTb D4-ocnaiLi,ennoe ( Z/2[^l-ocnain,ennoe) norpyjKenne (g,'^,r]]\f), g : 
j^n-2k (^g jsfn-ik ]^n^ npe;],CTaBjiaeT BJieMGHT J/ e ImwP^{n — 

2k, 2k) {y G Imm^/'^^^\n — Ak,Ak)) h aBJiaeTca Jb-ocHaHi;eHHbiM (la © 1^- 
0CHaHi;eHHbiM) Horpy»ceHHeM, npHneivi n > 32k. HycTb Z/2[^]-ocHani;eHHoe 
(Z/2W-ocHaHteHHoe) norpyaceHne (/i,A,Cl), h : L"-^'^ ^ W {h : L"-^'^ ^ 
M"') npeflCTanjiaeT ajieivienT z = (J^/^'^'.fc ^ Imm^/'^^^\n — Ak,Ak) {z = 
jz/2W,fc g Imrn^/'^^^^ {n - 8k, 8k)) n anjiaeTca la © id-ocnan],ennbiM (la © la- 
ocnantennbiM) norpyjKenneM. Tor^a D4-ocnan],ennoe (Z/2[^]-ocnan];ennoe) 
norpy>KenHe {g,'^,7]N) flonycKaeT © Id-cipyKTypy (la © la-CTpyKTypy) , 
saflaHHyio peflyK^HeH Caed,L (Ca®d,L) CTpyKTypnoro OToGpajKenna Cl- 



Cjieflyioni;He Teopeivibi anajiorHHHbi Teopeivie 7. 
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TeopeMa 11. UpednojioMCUM, nmo Y) ^-ocHaw^eHHoe nozpyotceHue {g, \I/,r77v), 
npedcmaeAHem SAeMeHm y G ImmP^{n — ^^^^^f^' ^ri^)' = 2^^ — 2, n > 
Hg, s > 6. UpednoAOCHCUM, nmo aadauo omo6pacHceHue 7]b^N '■ N^~~i^ — 
K{Jb, 1), npu amoM eunoAHeuo ypaenenue: 

15(n-na) rig 

0D,(l/) = ((^^ WnAN]). (29) 

zde [N] - cf^yHdaMeHinaAhHuu kaucc MHOzoo6pa3usi le^, 0|)^ - xa- 

paKmepucmunecKoe hucao, onpedeAeuHoe no ^opjuyAe Tozda 3Ae- 

Menm J^/^'^''~32^ (y) e spynne Imm^/'^^^\n — ^^^-g^,^^-^) npedcmaeAen 
Zi / 2^^^ -ocnameHHUM nospyMcenueM {h,A,(L), Komopoe donycnaem © I^- 
cmpyKmypy. 

TeopeMa 12. UpednoAOJicuM, umo -ocnameHHoe nospyotcenue 

{g,'^,ri]\j), npedcmaeAHem aAeMenm y G Imm^/'^^^\n — ng = 

2^ — 2, n > Ug, s > 6. UpednoAootcuM, nmo aadano omo6pacHceHue rj^^^^ : 

A^" 8^ — > K{la © Id, 1), npu amoM eunoAHeno ypaenenue: 

0Z/2I3, (y) = t^^])' (30) 

2(9e Hanpueatomee MH020o6pa3ue Nf^ ^ u omo6paotceHue rj^^N '■ 

A^^ * — ^ -f^(Jb, 1) Had omo6paMceHueM ^[z\,n onpedeAHiomcH coeepmeuHO 
anaAosuHHUM noHnmuHM e ^2% . nepea [Nb\ o6o3HaHeH (pyndaMeHmaAhHuu 

KAaCC MH0S006pa3UH Nf^ . 

To2da aAeMenm J^/^'^''^2^(t/) e spynne Imm^/'^^^\n — ^^^^^) nped- 

cmaeAen Z/2^^^-ocnamennuM nodpymcenueM {h^AXi), Komopoe donycnaem 
la © Id-cmpynmypy. 

Cjie^CTBHe 13. UpednoAoofcuM, umo eunoAnenu ycAoeuH TeopeMU 6 (m.e. 
Ug HOAHemcH namypaAbHUM hucaom euda 2^ — 2,n>ng, s>Qu SAeMenm 
X G Imm'^f {n — -^^"^f^? ^^'^^) donycKaem pempaKnum nopMdna q = To- 
zda SAeMenm ^^^j o 5^j(x), onpedeAennuu npu noMOV^u KOMno3uv,uu zomo- 
Mop^u3Moe k = , npedcmaeAen 'L/2^^^-ocHaiu,eHHUM nospyMcenucM 
(/i,A,(^i), Komopoe donycnaem duv^uKAUHecKym cmpynmypy. 
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4 Qa ® Qa~CTpyKTypa (6HKBaTepHHOHHaa 
CTpyKTypa) Z/2[^]-ocHaiii,eHHoro norpy:ace- 

BcnoMHHM onpe^ejieHHe KBaTepHHOHHoii no^rpynnbi Qa C Z/2['^l, KOTopaa 
co;i;epjKHT no;i;rpynny Iq C Q^, cm. [A], pasfleji 2. 
OnpeflejiHM no^rpynny 



: Qa©Qa C Z/2[61. 



(31) 



PaccMOTpHM 6a3HC (hi _|_, h2,+, hi +, h2,_, hi h2^+, hi „, h2^_) npocTpan- 
CTBa M*, KOTopbiH 6biji onpe^ejiGH npn nocTpoenHH 6Hn,HKjiHHecK0H CTpyK- 
Typbi. 

OnnmeM 6a3HC npocTpancTBa M^^. 3tot 5a3HC coctoht h3 32 BeKTopoB, 

pa35HTbIX Ha flBa nOflMHOJKeCTBa H3 16 BCKTOpOB 



hi^H<,**5 h2^H<,**5 h3^^^^^, h4^^^^^, 



(32) 



-^.2^^^**, ll.3^^^^;^;, 



(33) 



rfle CHMBOJIbI *, ** He3aBHCHM0 npHHHMaiOT 3HaHeHH5I +, — . B KajK;i;OM H3 

noflnpocTpancTB, nopo>K;],eHHbix 4 BCKTopaMH (1320 . ^jih KOTopbix chmbojibi 
*, ** npHHHMaiOT oflHHaKOBbie 3HaHeHHa, npe^CTaBjienHe rpynnbi © Qa 
3aflaH0 TpHBHajibHO na BTopoM cjiaraeMOM Qa, npn stom o5pa3yiomHe i,j,k 
cjiaraeMoro Qa fleficTByiOT npeo6pa30BaHH5iMH, onpeflejieHHbiMH MaTpHii;a- 
mh: 



/o 


-1 





\ 


1 




















-1 


Vo 





1 


/ 


/o 





-1 


o\ 











1 


1 













-1 





0/ 



(34) 



(35) 
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(36) 



06pa3yiomafl i (j) nepBoro cjiaraeMoro Qa ^eliCTByeT n,eHTpajibHOH chm- 
MeTpneii b KajK^OM 4-MepHOM no^npocTpaHCTBe (l33ll . nopoac^eHHOM bckto- 
paMH, jiflu KOTopbix HH^eKC * (**) npHHHMaeT SHaneHHe — , a HHfleKC ** 
(*) npHHHMaeT jiio6oe (J)HKCHpoBaHHoe SHaneHHe, b ocTaBmeiica nape npo- 
CTpancTB, HopojK^eHHbix BeKTopaMH (1331) ^eiicTBHe TOJK^ecTBeHHO. 

B KaJKflOM H3 HOflHpOCTpaHCTB, HOpOJK^eHHblX 4 BCKTOpaMH (I33p , flJIfl 

KOTopbix CHMBOJibi *, ** npHHHMaiOT oflHHaKOBbie 3HaHeHHa, npe;i;cTaBJieHHe 
rpynnbi © sa^aHO TpHBHajibno na nepBOM cjiaraeiviOM Q^, npHHeM 
o6pa3yioin;He i,j,k cjiaraeivioro npe;i;cTaBJieHbi MaTpHn;aMH (l3H) . (l35l ) . (l36l) . 

05pa3yion],afl i (j) BToporo cjiaraeMoro Qa ^eiicTByeT n,eHTpajibHOH chm- 
MeTpneH b KajK^OM 4-MepHOM HOflnpocTpaHCTBe f l32p . HopoK^enHOM bckto- 
paMH, jiflu KOTopbix HH^eKC * (**) npHHHMaeT 3HaHeHHe — , a nnfleKC ** 
(*) npHHHMaeT jiioSoe (|)HKCHpoBaHHoe 3HaHeHHe, b ocTaBmeiica nape npo- 
CTpancTB, HopojKflenHbix BeKTopaMH (l32ll ^eiicTBHe TOJK^ecTBenHO. HocKOJib- 
Ky npeo6pa30BaHHe n,eHTpajibHOH CHMMeTpnn jie>KHT b n,eHTpe rpynnbi Qa 
(Qa), npeo6pa30BanHe Jiio6oro BJieMenTa h3 Qa (Qa) b nenpHBO^HMOM no^- 
npocTpancTBe npe^CTaBjienna Qa (Qa) KOMMyinpyeT c sjieMenTaMH yKa3an- 
noro npe;i;cTaBJieHHa. no;i;rpynna (l3Tl) onpeflejiena. 

PaccMOTpHM HOflrpynny ^Q^©i^,Q^©Q^ '■ Qa©ia C Qa©Qa, KOTopaa onpe- 
flejiena npaMofi cyMMOii rpynnbi Qa c ii;HKJiHnecKOH noflrpynnoii la BToporo 
cjiaraeMoro. Onpeflejieno Bjio>KenHe ^Q^©i^ : Qa©ia C Z/2t^l, Hnflyn,HpoBan- 
noe H3 BjiojKenna (I3ip . Hpn stom onpe^ejiena KOMMyTaTHBnaa ^narpaMMa: 



Jf, ^ D4 

h,a®d i ^[3] i 

la © id H 

Ia©ia ^ (37) 

^Ia®ia,Qa©ia ^ . i 

Qa © ia Z/2[^l 

Qa©Qa ^""^^ Z/2I61, 

KOTopaa BKjiionaeT b ce6a ^narpaMMy f l23p b KanecTBe nofl^narpaMMbi. 
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Cjieflyiomee onpe;i;ejieHHe aHajiorHHHO OnpeflejieHHio 8. 

Onpe^ejieHHe 14. HycTb Z/2[^l-ocHameHHoe (Z/2[^]-ocHameHHoe) norpy- 
jKCHHe (/i,A,Cl), h : L"-^^*^ S-> (/i : L"-^^^ M") npe^iCTaBjiaeT 
sjieMGHT z G Imm^/'^^^\n — 16A;, 16A;) (z G Imm^^'^^^\n — 32k, 32k)). CKa- 
JKGM, HTO 3T0 Z/2[^l-ocHaiii;eHHoe (Z/2[^l-ocHaiii;eHHoe) norpyjKeHne aBJiaeT- 
ca Qa©Ia-ocHaiii;eHHbiM (Qa©Qa-ocHaiii;eHHbiM) norpyjKeHHeM, ecjiH CTpyK- 
Typnoe OTo5pa>KeHHe (l : L"~^^^ ^ K{Z/2^^\l) {(l ■ L"'-^^'' ^ K{Z/2^^\ 1)) 
npeflCTaBjieno b bh^g KOMno3Hn,HH Cq^®!^, l • — > -ft'(Qa © la? 1) 
(Cq„®q„,l : ^ ^(Qa © Qa, 1)) H OToSpajKeHHM ig^^j^ : ir(Q„ © 

i„ 1) ^ i^(Z/2[5l, 1) (^Q^g^Q^ : KiQa © Q„, 1) ^ ir(Z/2[6], 1)). 

PaccMOTpHM anajiorn cooTHomeHHii (fTSll . (l25l) . (l26l) flJia rpynn © Iq 

H Qa © Qa-OCHameHHblX nOrpyjKGHHH COOTBeTCTBeHHO. 

Tpynna KoroMOJioraii H^%K{Qa®ia, 1); Z/2) {H^\K{Qa®Qa, 1); Z/2)) 
coflep>KHT sjieMGHT Tg^gi^, ('i"Q„®Q„? KOTopbiH onpe^ejiaeTcs HHJKecjie^yio- 
mHM ypaBHenneM ( l38l) ( (i39l) ). 

PaccMOTpHM OToSpaaceHHe ^Q^^j^ : -f^(Qa © la, 1) ^ -ft'(Z/2[^l, 1) 

(^Qa®Qa • -^(Qa © Qa? 1) -ft'(Z/2[^], 1)) H paCCMOTpHM oSpaTHblH o6pa3 

®i ^^t^]-' ^^Q ®Q ^^[6])) xapaKTepHCTHHecKoro afljiepoBoro KJiacca r[5] G 
i7i6(^s:(2/2[5])^ l);i/2) (r[6] G H^\K{Z/2^^^), 1); Z/2)) ynHBepcajibnoro pac- 
cjioeHHfl. Onpe^ejiHM 

^ia®iJ^[5])=rQ,ei.' (38) 



Ajih OTo6pa>KeHHM Cq^^i^ : L^-''' i^(Qa © la, 1) Cq^eQ. • ^ 
K(Ia © Id, 1) anajioroM xapaKTepHCTHnecKoro Kjiacca C[2],l cjiy>KHT xa- 
paKTepHCTHHecKHH Kjiacc (b,L £ H'^{L1~^^^]Z/2), npH d = 5 G 
if^(L^~^^'^; Z/2), npn o? = 6). Onpe^ejinM 3tot 2-MepHbm xapaKTepncTH- 
necKHH KJiacc. 

OTo5pa>KeHHe C,h,L onpeflejieno KaK S-jihcthog naKpbiTHe na^ OToSpa- 
jKenneM C[5],l OTHOCHTejibHO no^rpynnbi ^f,Q^®i^ : Jb C Qa © la ( KaK 
16-JiHCTHoe HaKpbiTHe nafl OTo6pa>KeHHeM C[6],l OTHOCHTejibHO no^rpynnbi 
^bQoffiQa • Jb <^ Qa © Qa)- Ha^], MHoroo5pa3HeM L"^-^^^ ^]jL-z2k^ yKaaaHHoe 
HaKpbiTHe o5o3HaHaeTca nepea vr^,Q^eia,L (^b.QaffiQa,^)- 

Onpe^ejieHHe 15. HycTb Z/2W-ocHan],eHHoe norpyjKenHe {g,'^,r]]\f), g : 
]\j-n-8k npe;],CTaBjiaeT BJieivieHT y G Imm^^'^^'^\n — 8k, 8k), npHHeM 
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n > 32k. riycTb Z/2[^]-ocHaiii;eHHoe norpyjKeHne (/;.,A,Cl), h : L""^'^'' M" 
HBJiaeTca norpyjKeHHeivi tohck caMonepeceneHHa norpyjKeHna g h npe^CTaB- 
jiaeT BJieMGHT 

ocHameHHoe norpyjKeHne \E', r^^r) ;];onycKaeT © la-CTpyKTypy, ecjin cy- 
mecTByeT OTo6pa»ceHHe Cq^®:^ l '■ L^~^^^ -^"(Qa © la, 1), yflOBJieTBopaio- 
mee ypaBHeHHK): 



_ n-32k _ 

0z/2w(y) = K,Q„ei.L(C')4 ' (40) 

r^e [Lh]- 4)yHflaMeHTajibHbiH KJiacc MHorooSpaana xapaKTepHCTH^e- 
CKoe HHCJio (^) onpe;i,ejieHO no 4)opMyjie ( |T4l ) npn d = 4. 

Onpe^ejieHHe 16. HycTb Z/2[^]-ocHameHHoe norpyjKenHe {g,'^,r]]\f), g : 
jsjn-mk npeflCTaBJiaeT BJieivieHT y E Imm7'/'^^^\n — 16/c, 16/c), npHneivi 

n > 32k. riycTb Z/2['^LocHaiii;eHHoe norpyjKeHne (H^AXl), h : L"'"^^'' M"' 
aBJiaeTca norpyjKeHneM tohck caMonepeceneHHa norpyjKeHna g h npe^CTaB- 
jiaeT BJieMGHT 5^/2[6j(y) G /mm^/2'"(n - 32A;, 32 A;). CKa>KeM, hto Z/2151- 
ocnameHHoe norpy>KeHHe ((7, ?7Ar) ;],onycKaeT SnKBaTepHHOHHyio CTpyK- 
Typy (Qa © Qa-CTpyKTypy) , ecjiH cymecTByeT OTo6pa>KeHHe Cq,®q,,l : 

j^n-32k _^ K{Qa © Qa, 1), yflOBJIGTBOpHIOmee ypaBHeHHK): 



_ n — 32k _ 

0z/2i3i(?/) = (C; ' (41) 

rfle [Lf,]- 4)yHflaMeHTajibHbiH KJiacc MHoroo6pa3Ha L^~^^'^, xapaKTepncTHHe- 
CKoe HHCJio 6|^2[5](?/) OHpe^ejieHO ho 4)opMyjie ( fT4l l npn = 5. 

IlpHMep 

HycTb Z/2W-ocHain,eHHoe (Z/2[^l-ocHain,eHHoe) HorpyjKeHne ((7, //at), g : 
jyn-sfc . jyn-iefc ]jn^ Hpe;],CTaBjiHeT sjieMGHT y G Imm^/^^^^ (n - 

8k, 8k) {y G Imm^^'^^^\n — 16k, IQk)) h anjiaeTca © ia-ocnamenHbiM 
(Qa © Qa^ocHameHHbiivi) HorpyjKeHHeM, npHHCM n > 32k. HycTb Z/2'^1- 
ocHameHHoe (Z/2[^l-ocHain;eHHoe) norpyjKeHne {h,AXL), h : L"'~^^'' S-^ M" 
{h : U^-^"^^ M") npeflCTaBJiaeT bjigmght 52/2w(^) ^ Jmm^/^'^' (n— 16/c, 16A;) 
((5^^2[6] (y) ^ Imm^/'^^'^\n — 32k, 32k)) h aBjiaeTca Q^ © ia-ocnamenHbiM 

(Qa © Qa^ocHaineHHbiM) norpyjKeHHeM. Tor^a Z/2W-ocHaiii;eHHoe (Z/2'^1- 
ocHameHHoe) norpyjKGHHe {g,'^,r]j\j) flonycKaeT Qq © la-CTpyKTypy (Qq © 
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Qa-CTpyKTypy), aa^aHHyio peflyK^HeH CQ,®i,,L (Cq^ei^i) CTpyKTypnoro 
OTo6pa>KeHHa C[4],l (C[5],l)- 



Cjie^yiomHe Teopeivibi anajiorHHEbi TeopeMaM 6,11,12. 

TeopeMa 17. UpednoAOMCUM, nmo 'L/2^'^^-ocHavneHHoe nospycHcenue 
t^at), npedcmaeAHem aAeMeum y G Imm'^^'^^^\n — '^^'-f^ -.^^^-f^) , Us = 
2* — 2, n > + 168, s > 6. UpednoAOMCUM, nmo sadano omo6paafceHue 
^am,N '■ N"' ^ — > K{la © la; 1), iT'PU 3moM eunoAHEHO ypaeueHue: 

3(n — ns) ns _ 

0^/2w iy) = «,ae.,7v(^[4]>^ m), (42) 

2(9e Hanpueatomee MH030o6pa3ue Nf^ u omo6pacHceHue rj^^N '■ 

iVj * — > -^'(Jfe, 1) Had omo6paMceHueM r/[4]^7v onpedeA^tomcM coeepiuen- 
HO auaAOdUHHUM noHHmuHM 6 ( [7^ • Tb2(}a SAeMeHm J^j^^i^] (^) spynne 
Imm^/'^^''\n — ^^^^-^) npedcmaeAen 'Z/2^^^-ocHameHHUM nozpyotceuueM 
{hjAXi), Komopoe donycnaem Qa © la-cmpyKmypy. 

TeopeMa 18. UpednoAOJicuM, umo -ocHameHHoe nospyotcenue 

((yf, i^at), npedcmaeAHem aAeMenm y G Imm^/'^^^\n — ^^^H^.^^^-^^), rig = 
2^ — 2, n > 5ns+84 ^ 5 > 5_ IIpednoAOMCUM, nmo sadano omo6paMceHue 

Vcia®ia,N '■ ^ ^ -^(Qa © la, 1); npu amoM eunoAHeno ypaenenue: 

n — ns ns _ 

iy) = (<Q.ei.,^( )^^A^' t^''])' (43) 

sde Hanpueawmee MHOzoo6pa3ue ^ u omo6paotceHue rji,jq : 

iV^ ^ — > -ft'(Jb, 1) Ha(? omo6paatceHueM i][i]^N onpedeAHfomcH anaAozuHHO 

n — ns rgi 

noHHmuHM e ( |^gp . Tozda aAeMenm J.^J'2[6\ [u) e zpynne Imm^''^ [ug, ri- 
ng) npedcmaeAen 'L/2^^^-ocnavnennuM nozpymcenueM (/i, A,^l), Komopoe do- 
nycKaem 6uKeamepHU0HHyio cmpynmypy. 

Cjie^CTBHe 19. UpednoAoofcuM, umo eunoAnenu ycAoeuH TeopsMU 6 (m.e. 
aadano namypaAbnoe hucao Ug euda 2^ — 2, n> Ug, s>6 u aadan aAeMenm 
X G Imm'^^ {n — ^^'^^j ^^^^); Komopuu donycKaem pempaKtifUm nopndKa q = 
Y )■ Tozda SAeMenm 

o5^[,j o5^[3] o5^^(a;), (44) 

onpedeAennuu npu noMOW^u nocAedoeameAhnou KOMnoauv^uu zoMOMop4>u3- 
Moe ^ k = "g^" , npedcmaeAen 'L/2^^^-ocnam,ennuM nospyMcenucM 
{g,'^,ri]s[), Komopoe donycKaem 6uKeamepnuonnyw cmpynmypy. 
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5 PemeHHG XlpoSjieivibi KepBepa 

B 3T0M paa^ejie Mbi flOKa>KeM cjie^yromHii peayjibTaT. 
OcHOBHaa TeopeMa 

CymecTByeT naTypajibnoe Iq TaKoe, hto ^Jia npoHSBOJibHoro naTypajibHO- 
ro / > /05 ^ = 2^ — 2, HHBapnaHT Kepsepa, onpe;i;ejieHHbiH (|)opMyjiOH (1) 

TpHBHajIbHblii. 

^OKaaaTejibCTBO Ochobhoh TeopeMbi 

Onpe^ejiHM = 2^^ — 2 h oSoana^HM ^^^^^^ nepea k. Ylo TeopeMe 29 (Teope- 
Ma o peTpaKn,HH) cymecTByeT naTypajibnoe /q TaKoe, ^to ^jih nponsBOJibHoro 
HaTypajibHoro / > Iq npoHSBOJibHbiH BJieivieHT x G Imm'^f{n — k,k) flonyc- 
KaeT peTpaKii;Hio nop5i;i;Ka ^ = 2^^ — 1. He orpaHHHHBaa o5iii;hocth 5y- 
fleM CHHTaTb, HTO Iq > 13. HocKOJibKy BbinojiHeHbi pasMepHOCTHbie ycjiOBna, 
c4)opMyjiHpoBaHHbie b Teopeiviax 6,17,18 no Cjie^CTBHio 19, b Kjiacce KoSop- 
flH3Ma sjieMenTa ( l44l) cymecTnyeT Z/2[^l-ocnan],ennoe norpyjKenne {g, //at), 
flonycKaioni;ee SHKBaTepHHOHnyio CTpyKTypy. 

PaccMOTpHM MHoroo6pa3He caivionepeceHeHHa L"' norpyjKenHa g, 
dim(L"'') = Ug. MnorooGpaane L"-" cnaGjKeHO OToGpajKenneM 



3to OToSpajKenne npeflCTaBJiaeTca npaMbiM npoHSBefleHneM flByx OToSpa- 
jKennii 



HaM noTpeSyeTCfl cjie^yiomafl jieMMa. PaccMOTpHM oSpaayiomnii Kjiacc 




(45) 




(46) 




JieMMa 20. B spynne if®(L[^1; Z/2) eunojiHeno paeencmeo: 




■4 



(47) 
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/^OKaaaTejibCTBO JleMMbi 20 

/JoKaaaTejibCTBO npoBOflHTca npaMbiM BbiHHCJieHHeM h onycKaeTca. 



PaccMOTpHM noflMHorooSpasHe ix '■ K C L^" , flBoiicTBeHHoe KoroMOJio- 
THHecKOMy Kjiaccy pl^^ € Z/2). MnorooSpasHe K^^ CHa5>Ke- 

HO OTo6pa>KeHHeM CQ„®Q„,_ft: • ~^ -f^(Qa © Qa,l), KOTopoe onpe;],ejieHO 
KaK orpaHH^eHHe OTo5pa>KeHHfl Cq^®q„ l no;],MHoroo5pa3He K^'^ C 
Onpe^ejieno IG-jihcthog naKpbiTHe Utot^K '■ K^'^ K^'^. Onpe^ejien HHflyn,H- 
poBaHHbiH xapaKTHpHCTHHecKHii KJiacc Cb K ^ H'^iKb] ^/2) = i*,f^ (Cb l)- 
OopMyjia (14T1) npnoSpeTaeT bh^i,: 

= (CS; [^[2]])- (48) 

Ho JleMMe 20 xapaKTepHCTHnecKoe hhcjio (1481) paBHO xapaKTepHCTHnecKOMy 
HHCJiy 

(Sl; [^])- (49) 

/^OKajKeM, HTO xapaKTepHCTHHecKoe hhcjio (l49l) oSpamaeTca b nyjib. Ha^ 
npocTpancTBOM i^(Qa, 1) (i^(Qa, 1)) onpe;i;ejieHO 4-MepHoe paccjioeHne pg^ 
(Pq^) CO CTpyKTypHOH rpynnoii Qq (Qa), cm. [A], pa3;i;eji 2. CjieflOBaTejibHO, 

Ha^i; npocTpaHCTBOM -ft'(Qa © Qa? 1) = K{Qa, 1) X K{Qa, 1) TaKJKe onpefle- 
jiGHbi 4-MepHbie paccjioeHHa XQa h XqJ no 4)opMyjie xq„ = PQ,©Q,,Q,(/'Qa)' 

HopMajibHoe paccjioenHe k MHorooSpasHio K^^ npe;],CTaBjieHO cyMMOH 
Yhthh 

UK = (2^ - 2)i(ci.,K © Cq,,;,) © flK, (50) 

rfle CQ„,i^ = CQ,®Q,(XQa), CQ„,i^ = Cq,©q,(XqJ, f^i^-orpaHH^eHHe nopMajib- 
Horo paccjioGHHa MHorooSpaaa na noflMHorooSpaane K^^ C L"'\ 

PaccjioGHHe f2x hsomopcJdho cyMMe Yhthh k kohhh 32-MepHoro paccjioe- 
HHa ^[6] CO CTpyKTypHOH rpyHHoii Z/2'^1. HocKOJibKy k = (mod 2''), a Saaa 
K^'^ HMCCT pasMcpHOCTb 14, TO paccy>Kflaa ho anajiorHH c npe^jio>KeHHeM 
34 H3 [A], saKjiioHaeM, hto paccjioenne Q.k TpHBnajibHO. 

PaccMOTpHM MHoroo6pa3He —K^"^, KOTopoe HOJiyneno h3 K'^'^ HSMeneHH- 
CM opHeHTaH;HH. PaccMOTpHM OToGpajKCHHC F = idU —id : K-^"^ U —K'^'^ — > 
K^'^. BbiHHCJiHM xapaKTepHCTHHecKHC n,HKjibi pi(z/x), piiy^K) HopMajibHoro 
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paccjioeHHa MHorooSpasHH K , —K, KOTopoe onpeflejieno na KajKfloii ko- 
nHH MHoroo5pa3H5i no 4)opMyjie (l50l) (cm. aHajiornnHoe BbinncjieHHe b Hpe^i;- 

JIOJKeHHH 33 H3 [A]) CorjiaCHO Bbl^HCJieHHHM, nOJiyHHM, HTO n,HKJI 

F^iiPiMr U [p,{u^K)r]) e H.oiK'^; Z) (51) 

flBOHCTBeneH b CMbicjie HyaHKape Kon,HKjiy (* ^ r^il), r^e 7 G 

H^^[K{Qa © Qa, 1;Z) HenyjieBOH KoroMOJiorH^ecKHH Kjiacc, HHflyn,Hpo- 
BaHHbiii H3 sjieMGHTa At G /m(iJ'*(ii'(Qa), 1; Z) npH roMOMop4)H3Me 

H\K{Qa, 1); Z) '''^"-Sff'^" ir(Q, © Q,, 1). 

YcjiOBHe HeTpHBHajibHOCTH xapaKTepncTH^ecKoro nncjia (1480 SKBHBa- 

JieHTHO TOMy, HTO OpneHTHpOBaEHblH I1;HKJI Cq^eQ^ *([-^]) ^ -f^l4(-^(Qa © 

Qa,l);Z), npn pasjiojKeHHH no CTanflapTHOiviy 5a3ncy, co;i;epjKHT MonoM 
^Qa ®«Q„. rfle aq^ G i/7(i\:(Qa, 1); Z), G i/7(i\:(Qa, 1); Z) - o6pa3y- 
mne. EcjiH ^HCJio (l48l ) ne paBHO nyjiio, to n,HKji f lSTl) ne o6pan],aeTca b nyjib, 
nocKOJibKy ^acTHoe Kjiacca roMOJiornii aq^ © na Kjiacc KoroMOJiornn 7 
ne o5pan],aeTCfl b nyjib. C ^pyron CToponbi, no nocTpoennio OTo6pa>KenHe 
F Ko6opflaHTHO nycTOMy n xapaKTepncTHHecKHH n;HKJi (jSTI) o6pani;aeTC5i b 
nyjib. 

/JoKasano, hto na Kjiacce ocnantennoro Ko6opfln3Ma x xapaKTepncTnne- 
CKoe nncjio (6) panno nyjiio. HpoSjieivia Kepnepa pemena. 



6 ^OKasaxejibCTBO TeopeM 11 h 12 

HanneM flOKa3aTejibCTBO co cjie;],yion],eH KoncTpyKn,Hn. Onpe^ejinM nncjio 
Hs H3 ycjiOBHfl TeopeMbi 6. PaccMOTpHM MnorooSpasne ZZ = S"' le^+^/i x 
5*" 3to MnorooGpasne anjiaeTca npaivibiM npon3Be;i;enneM CTan- 

^apTnbix jinnsoBbix npocTpancTB (mod 4). SaivieTnM, nTO dim(ZZ) > n. 
BbiSepeM BnyTpn Mnoroo6pa3na ZZ noflMnorooSpasne Z c oco5ennocTfl- 
MH B Kopa3MepnocTH 2, TaKoe, hto Z BKjia;],biBaeTCfl b R", b nacTnocTn, 
dim(Z) < n. Ylo noBO^y MnorooSpasnn c ocoSennocTaMH cm. [B-R-S]. 
PaccMOTpHM B Mnoroo6pa3HH ZZ ceMciicTBO noflMnoroo6pa3nH 

. _ . . _ 15n + -n-s + 64 

■^i) 3 U, . . . ,Jmaxi Jmax 

pa3MepnocTn n — + 4 n KopasMcpnocTn n — ^^"^^ + 2, onpe^ejiennoe no 
(i)opMyjie 

Zo = 5"-^+Vi X S'/i, Z, = 5"-^+Vi X S^i, . . . , 



24 



Bjio>KeHHe cooTBeTCTByiomero noflMHorooSpasHH ceMeHCTBa b MHoroo5pa3He 
ZZ onpe^ejieno KaK npHMoe npoHSBe^enHe flByx CTan^apTHbix Bjio>KeHHH. 

OS^be^HHeHHe Uj^g'^Zj ceivieHCTBa noflMHorooSpaanfi {Zj} MHorooSpa- 
3Ha ZZ aBJiaeTca nojiHB^poM (cTpaTH4)Hii;HpoBaHHObiM no;i;MHoroo5pa3HeM 
c ocoSeHHOCTaMH B KopasMepHOCTH 2) pasMepHOCTH n — + 4, KOTopoe 

0503HaHHM Za^d C ZZ. 

PaccMOTpHM n,eno^Ky no^rpynn 

J, I, © i, I, © i„ (52) 

KOTopaa HHflyn,HpyeT Ganinio 2-jiHCTHbix naKpbiTHH: 

XX '"-^^ YY ZZ. (53) 

OnpeflejiHM SaniHio HaKpbiTHH 

PY ■ ny 



3Ta 6amH5i naKpbiTHH HH;i;yii;HpoBaHHa h3 ii;enoHKH noflrpynn (l52|l npn no- 
MomH BJioaceHHa Za®d C ZZ. TaKHM oSpaaoM, HaKpbiBaioinee npocTpan- 
CTBO Xh B 6amHe ([Ml) TaKJKe aBJiaeTca CTpaTH(|)Hii;HpoBaHHbiM MHoroo6- 
pasHeM c ocoSeHHOCTaMH b KopasMepnocTH 2. 3to npocTpancTBO onpe- 
^ejieno hbrbim oSpaaoM KaK oS^be^HHeHHe ceMeHCTBa no^MHorooSpasHii b 
XX = MP""^Tf^+^ X MP""^'^Tf^+^, onpeflejieHHbix no 4)opMyjie: 

X. = MP^ X IP^-'^+l 

Jinax 

Cpe^nee naKpbiBaiomee npocTpancTBO Y^^^ b Samne (l54ll TaKJKe flBjiaeT- 
ca CTpaTH(|)Hii;HpoBaHHbiM MHorooSpaaneM c oco5eHHOCTaMH b KopaaiviepHO- 
CTH 2. 3to npocTpancTBO aBJiaeTca oSte^HHeHHeM ceivieHCTBa no^MHorooS- 
pasHii B YY = le^+^/i x MP" i6^+^, onpe^ejiennbix no 4)opMyjie: 

Yo = X MP\ . . . , Y, = S^-'^+'-'^/i X Mp2^'+\ . . . 

X, = S'/i X MP"-^+l 

Jmax I 

Onpe^ejieHbi OToSpajKenna rjx '■ X^ —>■ K{3h,l), rfy : Yai^d K{la © 
Id, 1), rjz '■ Za®a -f^(Ia © la, 1), corjiacoBannbie c BKjiionenneM no^rpynn 
(152p n Samnen naKpbiTnn f l54p . OTo6pa>Kenne r]x npe^CTanjieno npaMbiM 
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npoH3BefleHHeM OToGpajKenHii rjx4^i]xd '■ -^b Kil^i 1) ^Kil^^ 1). OTo6pa- 
jKCHHe TjY npe;i;cTaBJieHO npaivibiM npoHSBefleHHeivi OTo6pajKeHHH rfy^a ^ Vyd '■ 
^a®d ~^ Kila,^) X K{\di^)- OTo5pa>KeHHe C,z npeflCTaBjieno npaMbiM npo- 
H3BefleHHeM 0T06pa>KeHHH Cz,a X Cz,d : Za®d Kija, 1) X K{la, 1). 

OnpeflejiHM MHorooSpaane c oco6eHHOCT5iMH J. ^Jia nponsBOJibHoro j = 
0, •••,jmax onpeflejiHM npocTpancTBO Jj = S"' i6^~2-?+^ x S'^^'^^. Ccj^epbi 
S'""^^"^-^"'"^, S'^^'^^ nepeo5o3HaHHM ji^jisi KpaTKOCTH nepea J^ i, Jj^2 cooTBeT- 
CTBeHHO. CnpaBe^jiHBa (J)opMyjia Jj = Jj^i x Jj 2 

Unpe;],ejieHO CTaHflapTHoe BKjiio^eHHe : Jj^i X 2 C o w ^ xi) w 
r^e KajK^biii coMHOJKHTejib BKjiioHaeTCfl b c(J)epy-o6pa3 KaK CTan^apTHafl 
noflC(|)epa, jiejKamaa b no;i;npocTpaHCTBe c cooTBeTCTByiomHM hhcjiom nep- 
Bbix HGHyjieBbix KOopflHHaT. OSte^HHeHHe U^™Q"'/m(zjj) oSpaaoB Bcex sthx 
BJiojKeHHii sBJiaeTca hckommm npocTpancTBOM, KOTopoe oSoaHa^HM nepea 

OnpeflejiHM pasBeTBjieHHoe naKpbiTHe 

■ Za®a J- (55) 

/Jjia Ka>K^oro j = 0, . . . , jmax onpe^ejiHM OToSpajKenHe (y^j : Zj Jj. Onpe- 
flejiGHbi CTaH;i;apTHbie pasBeTBJieHHbie HaKpbiTHa (cm. [A], rjiaba 3, Onpe^e- 
jienne OTo6pa>KeHHa d): 

Vz,,. : ^^-^^-^Vi - (56) 



Pz,,2 : S^^^^l\ ^ ^2^+1 (57) 

OTo5pa>KeHHe y^^^. onpe^ejieno KaK ^eKapTOBO npoHSBe^enHe pasBeiBjiennbix 
HaKpbiTHii 

^z, = X pz,,2 : = S^-^^'+Vi X 5'^'+Vi ^ 4i x 42- 

Onpe^ejieHO pasBeTBJieHHoe naRpbiTne (l55ll b peayjibTaTe CKJiefiKH paa- 
BeTBJieHHbix HaKpbiTHH ifz^ HO noflnpocTpaHCTBaM nonapHbix nepeceHennH 
ceMGHCTBa noflMHorooSpasHH Zj b MHorooSpasHH ZZ . 

Onpe^ejiHM pasBeTBjieHHoe naKpbiTHe 

■■ Yam ^ J- (58) 

/Jjia KajK^oro j = 0, . . . , jmax onpe^ejiHM OTo6pa>KeHHe tpj : K, Jj. Onpe- 
flejiGHbi CTan^apTHbie pasBeTBjieHHbie naKpbiTHa 

py„i : 5"-^-2^'+Vi ^ (59) 
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(60) 



OTo6pa>KeHHe ipY, onpe^ejieno kek ^eKapTOBO npoHSBe^enHe pasBeTEjienHbix 

HaKpblTHH 

Onpe^ejieno pasBeTEjienHoe naKpbiTHe f l58l) b peayjibTaTe ckjighkh paa- 
BeTBjieHHbix HaKpblTHH (yjy^ HO HOflHpocTpaHCTBaM HOHapHbix HepeceHeHHH 
ceMeficTBa noflMHoroo6pa3HH Zj b MHorooSpasHH ZZ . 

OnpeflejiHM BJio^KenHe ij : J C M". 3to BJiojKeHne CTpoHTca b peayjibTa- 

Te CKJieilKH CTanflapTHblX BJIOJKeHHii TOpOB B CeiVieHCTBO jmax + 1 eBKJIHflOBblX 

HO^HpocTpancTB B R"^ pasMepnocTH n — + 6, npoxoflflmnx nepea nana- 
jio KoopflHHaT. HoflnpocTpaHCTBO c HOMepoM i ceMeiicTBa coflep>KHT napy 
npocTpancTB ^onojiHHTejibHbix pasMepnocTeH M" i6^'2i+4^ M2j+2^ nepece- 
KaioinHxca b Hanajie KOop;i;HHaT. Hapa no;i;npocTpaHCTB c coceflHHMH homg- 
paMH nepecGKaiOTca no noflnpocTpancTBy KopasMepHOCTH 2. nepeceneHne 
B npocTpancTBe c MenbniHM (SojibniHivi) coce^HHM HOMepoM TepaeT Kopaa- 
MepnocTb 2 b^ojib nepBoro (BToporo) no^npocTpancTBa BbiSpannoH napbi. 
BnyTpH npocTpancTBa c HOMepoM j ceMeficTBa paccMaipHBaeTCfl CTan^apT- 
HbiH Top Jj c oGpaayiomHMH b^ojib Bbi6paHHbix ;i;onojiHHTejibHbix no^npo- 
CTpaHCTB. OGte^^HHaa ceMeflcTBO BJioaceHHHH TopoB, nojiynnM BJioaceHne ij. 

KoHCTpyKii;Ha OTo6pai«;eHHa : Y^^^ 

Cna^ajia onpe^ejiHM BcnoMoraTejibHoe OToSpajKenne dz '■ Za®ix K"- 
3to OToSpajKenne onpe;i;ejieHO b peayjibTaTe Majiofi peryjiapnoii PL 
fle(|)opMaii;HH KOMno3Hii;HH ijOLpz '■ -^aed 1^", npHHGM caMa fle4)opMaii;H5i h 
ee KajinSp e BbiSnpaiOTca b npoii;ecce flOKaaaTejibCTBa (cm. aHajiornnHoe no- 
CTpoenne b [A], JleMMa 24). PaccMOTpnM KOMno3Hn,Hio dz o {py '■ ~^ 
H onpe^ejiHM hckomog OToSpajKeHHe dy : Y^^^ — > M" b peayjibiaTe Majion pe- 
ryjiapHoii PL-;i;e(J)opMaii;HH btoh KOMno3Hii;HH KajinGpa e' , npHneivi e' « e. 

KoHCTpyKij;Ha OTo6pa:»ceHHH dx '■ ^a®d ~^ 

OnpeflejiHM BcnoMoraTejibHoe OTo5pa>KeHHe dy '■ Y^^j^ M". 3to OToSpa- 
jKCHHe onpeflejieno b peayjibTaTe MajiOH peryjiapHOH PL-fle(|)opMan,HH kom- 
no3Hii;HH ij o ify : Y^^^ M", npHHCM caivia ;i;e(i)opMaii;Ha h ee KajinSp e 
BbiSnpaiOTca b npoii;ecce ^OKaaaTejibCTBa (cm. aHajiornnHoe nocTpoenne b 
[A], JleMMa 24). PaccMOTpnM KOMno3Hii;Hio dy o (fx : Xi, M" h onpe^e- 
jiHM HCKOMoe OToSpajKCHHe dx '■ Yb ^ M!^ B peayjibTaTC Majiofi peryjiapHOH 
PL-fle4)opMan,HH stoh KOMno3Hn,HH KajinSpa e' , npHHCM e' « e. 
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la ffi Id~CTpyKTypa ^jiH OTo6paa<;eHHH dx '■ ^ 

PaccMOTpHM nojiH3flp caMonepece^eHHfl OTo6pa>KeHHfl dy ■ ^aea I^" h 
o6o3Ha^HM ero nepea A^((iy). HojiHS^p N{dY) aBjiaeica MHorooSpasHeM c 
ocoSeHHOCTHMH (b KopasMepHOCTH 2) c KpaeM, 3T0T Kpaii o6o3HaHHM ^epea 
dNidy). 

PaccMOTpHM uojimsjip caMonepeceneHHa OToSpajKenHa dx '■ Xf, ^ M" 
H o6o3HaHHM CTO Hcpes N{dx)- HojiHSflp N{dx) aBJiaeTca MHorooSpaan- 
GM c ocoSeHHOCTaMH (b KopasMepnocTH 2) c KpaeM, stot Kpan oSoana- 
HUM ^epea dN{dx)- MnorooGpasHe c ocoSenHOCTaMH c KpaeM N{dx) npe^- 
CTaBJiaeTca b oGteflHEeHne flByx MHorooSpasHfl c oco6eHHOCTaMH c KpaeM 
N{dx) = Nx^antigiag U Nx,r no o5iii;eMy Kpaio, TaKHM oSpaaoM, hto: 

1. MHoroo6pa3He c ocoSeHHOCTaMH c KpaeM Nx,r aBJiaeTca HaKpfciBaro- 
mHM npocTpancTBOM npH peryjiapnoM 4-jihcthom naKpbiTHH Pnxv '■ Xx,r 

Nidy). 

2. MH0r006pa3He C OCoSeHHOCTaMH C KpaeM Nx^anUdiag B03HHKaeT npH 

fle4)opMaii;HH flByjiHCTHoro naKpbiTHa py : Xj, — > Y^^^ BHyTpn peryjiapnoH 

(norpyjKeHHoii) OKpecTHOCTH Heoco5bix ToneK nojiHS^ipa dy(Y^^^. 

PaccMOTpHM nojiHS^ip caMonepeceneHHa OToSpajKCHHa dx '■ Xi, ^ M" 
H o6o3HaHHM CTO Hepe3 N{dx)- riojiHBflp N{dx) aBJiacTca MHoroo5pa3H- 

CM C OCoScHHOCTaMH (b K0pa3MepH0CTH 2) C KpaeM, 3T0T KpaH o6o3Ha- 

^HM ^epe3 dN{dx)- MHoroo6pa3He c ocoSenHOCTaMH c KpaeM N{dx) npe^i,- 
CTaBjiacTca b oG^be^HHCHHe ^Byx MHoroo5pa3HH c oco6eHHOCTflMH c KpaeM 

N{dx) = Nx^antigiag U Nx,r nO o6lIi;eMy KpaiO, TaKHM o6pa30M, HTO: 

1. MHoroo6pa3He c ocoSeHHOCTaMH c KpaeM Nx,r aBJiacTca HaKpbiBaio- 
mHM npocTpancTBOM npn peryjiapnoM 4-jihcthom naKpbiTHH Pnxv '■ Xx,r 

N{dy). 

2. MHoroo5pa3He c ocoSennocTaMH c KpaeM Nx,antidiag B03HHKaeT npH ^e- 
(J)opMan;HH ^ByjiHCTHoro naKpbiTHa px BHyTpn peryjiapnoH (norpy^KennoH) 

OKpeCTHOCTH HeOCo5bIX TOHCK HOJIHSflpa dy{Y^^^). 

rioBTopaa paccyjKfleHHa h3 JIcmmm 24 [A], onpeflejiHM OToSpajKenHe 
CamMdx) ■■ (N(dx), dNidx)) - (Kila © i,, 1), ir(J,, 1)). (61) 

3to OTo6pa>KeHHe onpe^ejieno b pe3yjibTaTe ckjichkh xapaKxepHCTH^ecKoro 
OToSpajKCHHa na Nx,anUdiag c npe^BapHTejiBHO nocTpoennbiM OTo6paa<:eHHeM 
na A^y.r, no aHTH^HaronajibHOH nacTH rpaHHn,bi, r^e yKa3aHHbiH OToGpaace- 
HHa roMOTOHHbi. FpaHHMHbie ycjiOBHa na dN{dx) onpeflCJiaiOTca KOMno3H- 

H,HeH dN{dx) C Xh — ^ K{3h,l). OToGpajKenne (IBTl) onpeflCJiaeT © 1^ 
CTpyKTypy ji^Jisi OToGpajKenna dx- 
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la ffi Ia~CTpyKTypa ^jia OTo6pa:a<;eHHa dy '■ ^^ed ~^ 

AnajiorH^HO npeflbiflymeMy nocTpoeHHio, onpe^ejiHM MHorooSpaane c oco- 
SeHHOCTHMH c KpacM N (dy) H OTo5pa>KeHHe 

CamMdy) ■ {N{dy), dN{dy)) ^ (K(I„ © 1), K{la © Irf, 1)). (62) 

rpaHHHHbie ycjiOBHH na dN(dy) onpe;],ejifliOTCfl KOMno3Hii,HeH dN(dy) C 



VY 



^affid -^(la ffi Id, !)• OToSpajKeHHe (l62l) onpe^ejiaeT © 1^ CTpyKTypy 
;];jia OTo5pa>KeHHa dy. 

KoHCTpyKij;HH D4— ocHameHHoro norpy:aceHHa c © 1^— CTpyKTypoii 
B TeopeMe 11 

HycTb aaflano D4-ocHameHHoe norpy>KeHHe ((yf, ?77v), g '■ S-> M". 

Ho ycjiOBHK) TeopeMbi aaflano OToSpajKenHe "q^^N '■ -^(Jb? 1), npn 

3T0M BbinojiHGHO ypaBHCHHe ( l29ll . OTo6pa>KeHHe r^^ Ar onpeflejiaeT o^HoanaH- 
Ho (c TOHHOCTbK) flo TOMOTonHH) OTo6pa>KeHHe T/fox ^ X^, no- 

CKOJibKy Xfo BKjia^biBaeTca b -ft'(Jfe, 1) KaK octob CTan^apTHoro KjieTO^noro 
paaSneHHa, KOTopbin co;i;epjKHT MeHbinnii octob CTaH;i;apTHoro KJieTOHHoro 
paaSneHHa pasMepnocTH n — ^^^^ + 1 = dim(A^) + 1. 

PaCCMOTpHM KOMn03Hn,HIO dx O T^fc^x : ^ H paCCMOTpHM 

Majiyio fle(J)opMan,Hio 3Toro OTo6pa>KeHHa b norpy>KeHHe gi b Kjiacce pe- 
ryjiapHOH roMOTonnn ^aHHoro norpyjKeHHa g : iV" Sh> M". KajinSp 5 

fle4)opMaii;HH dx°Vb,x ^ gi BbiSnpaeTca mhofo MenbinHM e'. IlorpyjKeHHe gi 
CHaSjKeHO D4-ocHaiii;eHHeM c tgm »ce xapaKTepHCTH^ecKHM KJiaccoM 77 at, 
npH 3T0M TpoHKa ((^i, Tj^) onpe^GJiaGT B rpynne ImmP'^in — ^^"^^j ^^^^j^) 

BJieMGHT y. 

06o3Ha^HM ^epea L" MHorooSpasHe caMonepece^enHa norpyjKenHa 
gi. Onpe;i;ejieHO paaSneHne 



Lcyci ^ U « (63) 



no o6meH rpaHHn,e. HpH 3tom MHorooGpaane L^^^^ * norpyjKeno b peryjiap- 



nyio (norpy>KeHHyio) OKpecTHOCTb nojiH3;],pa N{dx)- MHoroo5pa3He * 
norpyjKeno b peryjiapnyio (norpyjKeHHyio) peryjiapHbix tohgk nojiHSflpa 
dx{Xij) TaK, HTO onpe;i;ejieHO OToSpajKCHHe 

vr^, : Lr"^ ^ X, (64) 
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npoeKii;HH 3toh nacTH MHorooGpaana (l63l) na ii;eHTpajibHbiH nojiH3;i;p b pac- 
CMaTpHBaeMOH okpgcthocth. OSmaa rpaHHii;a bthx MHorooSpasHfl norpy- 
jKena b peryjiflpnyio (norpyjKeHHyio) OKpecTHOCTb KpHTH^ecKHx ana^enHH 
OTo5pa>KeHHa dx '■ Xi, M" (cm. anajiorH^Hoe npe;],jio>KeHHe 20 h3 [A]). 
Onpe^ejiHM hckomog OTo6pa>KeHHe 

W:^"""^-^^(Ia©i.),l)- (65) 

OTo6pa>KeHHe CaS)d sa^a^HM OT^ejibHO na KOMnoneHTax paaSHenHa (i63l ). 

Ha KOMnoHeHTe -Z^^j/d * OTo6paa<;eHHe Ca®dL onpeflejieno OTo6pa>KeHHeM 
([6T]) . KOTopoe npo;i;oji>KaeTca na bck) norpyjKeHHyio peryjiapnyio OKpecT- 

HOCTb MH0r006pa3H5I C 0C06eHH0CTaMH N{dx) BHe KpHTHHeCKHX 3HaHeHHH. 

Ha KOMnoHGHTe Lj, * OToSpajKenHe C^^^ ^ onpe^ejieHO KOMno3Hn,HeH 

^ X, ^ /^(j,, 1) © i., 1). 

Ha oSmeH rpaHHn,e yKa3aHHbie OTo6pa>KeHHfl mojkho CKjieHTb, hto cjie^y- 
GT H3 BbinojiHGHHa rpaHH^Hbix ycjiOBHH fljifl OToGpajKeHHa (16 ip . OTo6pa>Ke- 
HHe (l65|l , onpe;i;eji5iioiii;ee !„ © I^-CTpyKTypy D4-ocHaiii;eHHoro norpyjKeHna 
(5'i,*i,'7Af) onpe;i;ejieHO. 

KoHCTpyKij;HH ocHameHHoro norpy:a<;eHHa c 6Hii;HKjiHHecKOH 

CTpyKTypoH B TeopeMe 12 

HycTb saflano Z/2l^]-ocHameHHoe norpyaceHHe ((?, t^at), 9 '■ N'^ ^ 
W^, onpe^ejiaiomee sjieivieHT y G Imm^l'^^^\n — '^"g"" ? ""g"'' ) • no ycjiOBHio 
TeopeMbi 3a;i;aH0 OTo6pajKeHHe 1]^^^ ■ A^" ^ — > K{Ia © Id?!), npn btom 
BbinojiHeno ypaBHenne (l30l) . OToGpajKenne rj^^^ ^ onpe;i;eji5ieT 0flH03HaHH0 (c 

TOHHOCTbK) flo roMOTonHH) OTo6pa>KeHHe '■ N"^ 8^ — > Xft, nocKOJibKy 
Xb BKjia^biBaeTca b K{3h, 1) KaK octob CTan^apTHoro KjieTOHHoro pasGne- 
HHa, KOTopbiH saBeflOMO co;i;epjKHT MeHbinHH OCTOB CTan^apTHoro kjictoh- 
Horo pa36HeHH5i pa3MepH0CTH n — ^^-^ + 1 = dim(A^) + 1. 

PaCCMOTpHM KOMn03Hn,HIO dy o rj^^j^Y '■ X" 8^ h paCCMOT- 

pHM Majiyio fle(J)opMan,Hio btofo OToSpajKCHHH b norpyjKCHHe gi b Kjiac- 
ce peryjiapHOH roMOTonnn flannoro norpy»ceHHa g : A^" M". Ka- 

JinSp (5 fle(J)opMaii;HH dy ° Va®d y ^ 9i BbiSnpacTca MHoro MCHbinHM e'. 
norpy>KeHHe gi cnaSaceHO Z/S^^LocHameHHeM c tcm jkc xapaKTcpncTH- 
^ecKHM KjiaccoM rjN, npH btom TpoHKa ((yfi, ?7Ar) onpe^ejiaeT b rpynne 

/^^Z/2l31 _ SJieMCHT y. 
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06o3HaHHM Hepea 4 " MHorooSpaane caMonepeceneHHa norpyjKeHna 
gi. Onpe;i;ejieHO paaGneHne 



n — ns 



L-^=L,y.r UL^^,^ (66) 



no oGmeH rpaHHii;e. Hpn stom MHorooGpaane -Z^^j/d * norpyjKeHO b peryjiap 



Hyio (norpyjKeHHyio) OKpecTHOCTb nojiH3;i;pa A^((iy). MHoroo5pa3He ■ * 
norpyjKeHO b peryjiapnyio (norpyaceHHyio) peryjiapHbix ToneK nojiHSflpa 
(iy(y^^^) TaK, HTO onpeflejiGHO OTo6pajKeHHe 



_ n — ns 



npoeKii;HH btoh nacTH MHorooGpaana (l66l) na ii;eHTpajibHbiH nojiH3;i;p b pac- 
CMaTpHBaeMOH okpgcthocth. 05iii;afl rpaHHn,a sthx MHorooSpaanH norpy- 
jKena b peryjiflpnyio (norpyjKeHHyio) OKpecTHOCTb KpHTH^ecKHx ana^enHH 
OTo5pa>KeHHH dy ■ yaQd ~^ i^^- anajiorH^Hoe npe;],jio>KeHHe 20 na [A]). 
Onpe^ejiHM hckomog OTo6pa»ceHHe 



Ca©d,L : L^-"^ ^ K{Ia © la, !)• (68) 
OToSpajKenne Ca®d aafla;i;HM OT;i;ejibHO na KOMnoneHTax paaSnenHa (l66ll . Ha 



KOMnoHGHTe L^y^i * OTo5pa>KeHHe Ca®a,L onpe^ejieHO OTo5pa>KeHHeM (I62I 1. 
KOTopoe npoflOJiJKaeTCfl na bck) peryjiflpnyio OKpecTHOCTb MHorooSpaanfl c 



oco6eHHOCT5iMH N^dy)- Ha KOMnoHGHTe L^^^ " OToSpajKeHHe Ca<sd,L onpe- 
^ejieno KOMno3Hn,HeH 

Ha oGmeH rpaHHii;e yKaaaHHbie OToSpajKenHa mojkho CKJienTb, hto cjie^yeT 
Ha BbinojiHeHHfl rpanH^Hbix ycjiOBHii ^jia OTo6pa>KeHHfl f l62p . OTo5pa>KeHHe 
(i68ll . onpe^ejifliomee la © la^CTpyKTypy Z/2['^l-ocHaiii;eHHoro norpyjKenHH 
(^fi, ^1, ?7Af) onpe^ejieHO. 



IlpoBepKa ypaBHeHHH (1291 ) 

PaccMOTpHM D4-ocHaiii;eHHoe norpyjKeHne (gi^'^i^rj^), nocTpoeHHoe bm- 
me. 3to D4-ocHaiii;eHHoe norpyjKeHne onpe;i;ejiaeT tot jkg sjieivieHT y G 
Imm^/'^^^\n — ^^^f^, ^^^f^)- Ho ycjiOBHio MHorooSpaane is^ cnaSjKe- 

Ho OTo5pa>KeHHeM r^^Ar : A^"^ — > ii'(Jb, 1). PaccMOTpHM MHoroo5paaHe 
8^ caMonepeceneHHa norpyjKGHHa gi, cnaSjKeHHoe OTo6pa>KeHHeM (1651) . 
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OnpeflejiHM noflMHorooGpaane 

N;-"-^ C N--"-^ , (69) 

/IBOHCTBeHHoe B CMbicjiG ilyaHKape KOii;HKJiy 77 32 g 
H i6^{N"' i6^;Z/2). PaccMOTpHM norpyaceHHe (o6iu,ero nojioJKe- 

HHa) giy^ : Nri ^ M", onpe;i;ejieHHoe KaK orpanHHeHne norpyxceHna (71 
Ha no;],MHoroo6pa3He (l69l) . OSoana^HM nepea L"^" MHorooSpaane caMonepe- 
ce^eHHa norpy>KeHHa gj\i^. Onpe^ejieHO Bjio>KeHHe no^MHorooGpaaHii 

C L"-"^. (70) 

Onpe^ejieno OToSpajKenHe 

KaK orpaHHHeHHe OTo6pajKeHHa fl65l) na no;i;MHoroo6pa3He (JTO]). SaivieTHM, 
HTO noflMHorooSpaane (I70l) npe;i;cTaBJiaeT roMOJiorHnecKHH KJiacc, aboh- 
CTBeHHbiH b CMbicjie IlyaHKape Kon,HKjiy (,32 g -o s s 
no3TOMy ypaBHenne (|2711 SKBHBajieHTHO cjie^yiomeMy: 

n — Tig _ns _ 

©Df =(C,X;[^m])- (71) 

KaHOHHHecKoe 2-jiHCTHoe HaKpbiBaioinee na^ MHorooSpaaneM (ITOll 

ecTecTBGHHO norpy>KeHO b HCxo^Hoe MHorooSpaane is^ h ero (|)yH- 

^aMeHTajibHbiii n,HKji npe^CTaBjiaeT (no TeopeMe rep5epTa) roMOJiorH^e- 

15(n — ns) 

CKHii KJiacc, flBOHCTBeHHbiH B CMbicjiG IlyaHKape KOii;HKJiy 77 32 g 

15(n — ris ) n — ris . . 

H 16 (A^"~^^; Z/2). YpaBHeHHe paBHenne (12911 SKBHBajieHTHO cjie^iyio- 
meiviy: 

n — ns ris 

©Df (2/) = fe,;[A^.]), (72) 

rfle OToSpajKenne rih^N^ : A^^* ^ -^(Jfe, 1) onpe^ejieHO b peayjibTaTe orpann- 
HGHHa OTo5pa>KeHHa rjh^N na noflMHorooSpaane (l69ll . 

/l^jia flOKaaaTejibCTBa TeopeMbi ocTajiocb aaivieTHTb, hto npabbie nacTH 
paBGHCTB ( 1711) ( l72l) paBHbi. 3to flOKaaano b cjie^yiomeH jieMMe. TeopeMa 11 
flOKaaana. 

JTeMMa 21. Kjiaccu zomoaozuu 

CbA[LbA e i^n.(i^(Jb, 1); Z/2), (73) 

r/,,,([IJ) Gi/„,(ir(J,,l);Z/2) (74) 
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nepe4)opMyjiHpyeM jieiviMy h ;i;oKa>KeM 6ojiee o6iii;ee yTBepjKfleHne. Kjiacc 
roMOJiorHH (Tf^ MOJKHO o6o6iii;HTb H onpe;i;ejiHTb b 6ojiee o6iii;eH CHTyaii;HH, 
6e3 npe^nojioJKeHHa o tom, ^to MHoroo5pa3He hejihgtch aaMKHyTbiM. 

HycTb onpe^ejieno aaMKHyToe opneHTHpoBaHHoe MHorooSpaane R^^ c 
oco5eHHOCT5iMH B KopasMepHOCTH 2 pasMepnocTH dim(i?) = 2r, | < 2r < 

n — ^^^1^. ripeflnojiojKHM, ^to 3a;i,aH0 OTo6pa>KeHHe rjb^R : R'^^ 

PaccMOTpHM OTo6pa>KeHHe qr : R^^ M" oSmero nojiojKenHH, KOTopoe 
onpe^ejieHO b peayjibTaTe Majiofi fle4)opMaii;HeH oSmero nojiojKeHHa oto5- 

pajKenna R^^ ^^^^ M". Onpeflejieno opneHTHpoBaHHoe mhofo- 

o6pa3He c ocoSenHOCTHMH T""^*" caMonepece^HHH OTo5pa>KeHHa gn. Kpaii 

Qrpn-Ar MHOrOoSpaSHH T"~^^ COCTOHT H3 KpHTH^eCKHX TO^GK OTo5pa>KeHHfl 

qr. Onpe^ejieHO KaHOHH^ecKoe 2-jiHCTHoe naKpbiTHe T""'^'' j^n-Ar ^ 
BeTBJieHHoe B;i;ojib Kpaa. Onpe^ejieHO OToSpajKenHe (b,T '■ T""'^'" K{Ji,, 1) 
B peayjibTaTe KOMno3Hii;HH norpyaceHHa T""'^'" S-^ R^^ c OTo5pa>KeHHeM r^^ 
Onpeflejien Kjiacc roMOJiorHii 

VbMlT]) e i/„_4r(i^(Jfe, 1); Z/2), (75) 

oSoSmaiomHH KJiacc roMOJiornH (TTHl . Kjiacc roMOJiorHH (1731) TaKJKe mojkho 
o6o6mHTb Ha paccMaTpHBaeMbiH cjiynaii. 
Onpeflejieno pasGHenHe 

Tn— 4r rj-in— 4r i i rrin—4r i'7ii\ 
= Tcyci UT^ , (76) 



anajiorHHHoe pasGneHHio (i63l) . 

Kpaii QT^-^^ MHorooSpasHa c ocoSenHOCTaMH T""^'' n,ejiHKOM jig^kht b 
KOMnoHeHTe ^ h npoeKii;Ha 

TTT, : rr'- - X, (77) 

anajiorHHHaa OTo6pa>KeHHio (|64ll . nepeBO^HT Kpan QT^-'^^ b peryjiapnyio 
nacTb MHoroo6pa3Ha c ocoSeHHOCTaMH Xf,. 
OnpeflejieHO OToGpajKenne 

W : - (^(la © id, 1), (i^(J., 1)), (78) 



anajiorHHEoe OTo6pa>KeHHio fl65l) . 

HocKOJibKy KopaaiviepHOCTb OTo6pa>KeHHa 5^^^ MeTna, h MHoroo5pa3He c 
ocoSeHHOCTaMH i?^'^ aBjiaeTca opneHTHpoBanHbiM, to h MHorooSpaane c oco- 
SeHHOCTaMH c KpaeM T'^~*^ TaKJKe aBjiaeica opneHTHpoBanHbiM. Cjie^OBa- 
TejibHO OTHOCHTejibHbiii Kjiacc roMOJiorHH 

Ced,T,* ([^""'^ ^^""'D e i^n-4.(i^(Ia © 1., 1), (i^(J., 1)); Z/2) 
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aBJiaeTca npHBeflenneM no Mo;i;yjiio 2 cooTBeTCTByiomero ii;ejiOHHCJieHHoro 
KJiacca H3 rpynnbi Hn-4r{K{Ia © Id, 1), K{Ji,, 1)); Z). 

OrpaHHHeHHe OTo5pa>KeHHH Ca®d t Kpafi QT"-"^"^ npHHHMaeT ana^e- 
HHH B noflnpocTpancTBe K{3f,, 1) C K{Ia(Bld, !)• OSpaa (J)yH;i,aMeHTajibHoro 
ii;HKJia Ca®dT*([^-^"~^'^]) MHorooSpaana c ocoSeHHOCTaMH, KpaeM, onpe;i;ejia- 
eT HyjieBoii ii;hkji b rpynne Hn^-i{K{Ji„ 1); Z/2), nocKOJibKy JiejKHT b oSpaae 
HyjieBoii rpynnbi if„_4r_i(-ft'(Jfe, 1); Z) npn roMOMop(J)H3Me npHBe;i;eHHa no 
MO^yjiK) 2 (cm. anajiorHHHoe yTBepjK^eHHe b JIgmmg 16 h3 [A]). Cjie^OBa- 
TejibHO, Kjiacc roMOJiornii 

CbAiTb] e H^_UK{3,, 1); Z/2) (79) 

onpe^ejien. 

B ^acTHOCTH, xapaKTepncTH^ecKHe Kjiaccbi ( i75ll . (l79l ) onpe^ejienbi, ecjin 
B KanecTBe MHorooSpaana i?^^ BbiSpaTb MHoroo5pa3He Rf^ = MP^''~^*~^ x 
MP^*"*"^, a B Ka^ecTBe OToSpajKenna rjh^ji BbiSpaTb npoH3BOJibHoe CTanflapT- 
Hoe OToSpajKenne, onpe^ejiennoe KaK ^eKapTOBO npoH3BefleHHe noKOop;i;H- 

HaTHblX BJIOJKeHHHH 

r],,n. : MP^^-^-i x W^'+' C X, ^ X, ^ K{3,, 1), (80) 
npn npoH3BOJibHbix 3HaHeHHax i, J, < 2i < 2r — 2, < j < jmax- 

JleMMa 22. 06o3HaHUM o6pa3 cf)yHdaMeHmaAbH020 KAacca ?76,_Ri,*([-Ri]) € 
H2r{K{Jb, 1); Z) uepes (2r - 2i - 1 x 2z + 1). 

-1. /I,AH KAacca soMOAOsuu (2r — 2i — 1 x 2i + 1) G H2r{K{Jb, 1);Z), 
aadauHozo omo6pacHceHueM (fS^) ^yiacc somoaosuu 1 )751) . Acotcavnuu e moil 
Mce zpynne, paeen (4r — 4i — 2 — | x4i + 2 — |), ec/iu o6a uucAa e CKo6Kax 
cmpozo noAOMCumeAhHue, u paeen nyAW, ecAU xomsi6u odno U3 hucca e 
CKodnax ompm^ameAtHO. 

-2. XapaKuiepucmuHecKuu KAacc ( TTPI) . ododmawu^uu KAacc (TT^ Sam opu- 
enmupoeaHHUx MHOsoo6pa3uu c oco6eHHOcmMMU npu 2r = n — ^^^-y^, coena- 
daem c kauccom ( TTSI) . ododvuflwmuu xapaKmepucmuHCCKUu KAacc (pT^. 



/^OKasaTejibCTBO JleMMbi 22 

yTBepjK^eHHe 1 flOKa3biBaeTca npaMbiM Bbi^HCJienneM, KOTopoe onycKaeTca. 
yTBepjKflenne 2 BbiTCKaeT h3 nocTpoenna OToSpajKenna dx, cm. anajiornH- 
nyio (|)opMyjiy (16) b [A]. JleMMa 22 flOKa3aHa. 

/^OKasaTejibCTBO JleMMbi 21 

Ha6op CTanflapTHbix OToGpajKennn ([80ll npn 2r = n — ^^^^^ peajiH3yeT 
Bce BJieMGHTbi B rpynne n-ns (Xh\ Z). HocKOJibKy MHoroo5pa3He nI^ 



n — ns 
2 
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OKasbiBaeTca opneHTHpoBaEHbiM, OTo5pa>KeHHe : Nrj ^ M" Ko5op- 
;i;aHTHO ;i;H3i.iOHKTHOMy HaSopy CTaH^apTHbix OTo5pajKeHHH (1801) b KJiac- 
ce OTo6pa>KeHHH opHeHTHpoBannbix MHoroo6pa3HH c ocoSenHOCTaMH b ko- 
pasMepnocTH 2. XapaKTepncTH^ecKHe Kjiaccbi OTo6pa>KeHHa npH KoSop^HS- 
Me OTo6pa>KeHHa coxpanaioTca. Cjie^OBaTejibHO, xapaKTepHCTHnecKHe ^HCJia 
([73l) (Tfll) paBHbi. JleMMa 21 ;i;oKa3aHa. 

IlpoBepKa ypaBHeHHa (1301 ) 

PaccMOTpHM Z/2[^l-ocHaiii;eHHoe norpyjKeHne ((71, t^at), nocTpoenHoe bm- 
me. 3to norpyjKeHne onpe^iejiaeT sjieivieHT y G Imm'^/'^'^^\n — ^^^^^). Mho- 

n — lis n — rts 

roo6pa3He 8~ cHaSaceHO OToSpajKeHHeM 77^^^ ^ : A^" ~ — > K{Ia (B 

1^,1). PaccMOTpHM MHoroo5pa3He ^ caMonepeceneHHa norpyaceHna 

gi, cnaSxceHHoe OToSpajKeHHeivi (l68ll . 
Onpe^ejiHM noflMHorooSpaane 

K-"^CiV«-^, (81) 

flBOHCTBeHHoe B CMbicjiG llyaHKape Kon,HKjiy // 32 g 
i7^^(Ar"-^;Z/2). PaccMOTpHM norpyjKeHHe (o6iii;ero nojioace- 

HHa) gNr, '■ Nr, ^ S-^ M", onpe^ejieHHoe KaK orpaHH^eHHe norpyjKeHna gi 
na noflMHoroo5pa3He (ISTD . OSoana^HM nepea MHorooSpaane caMonepe- 
ceneHHa norpyjKenHa (yfiv^. Onpe;i;ejieHO BJiojKeHHe noflMHorooSpaanH 

l;;^cl"-^. (82) 

Onpe;i;ejieHO OTo6pa>KeHHe 

KaK orpaHHHeHHe OToSpajKenHa fl68l) na no;i;MHoroo6pa3He (l82|) . SaivieTHM, 
HTO noflMHorooSpaane fl82l) npe;i;cTaBJiaeT roMOJiorHnecKHH KJiacc, aboh- 

TT 3(11-^3) 3(n-n3) n-na r^^/^N 

CTBeHHbiH B CMbicjie llyaHKape Kon,HKjiy (, w G -n * (-L 4 ■^Ljl). 
KanoHH^ecKoe 2-jiHCTHoe naKpbiBaiomee Z^" na^ MHorooSpaaneM ( l82l) 

ecTecTBGHHO norpy>KeHO b Hcxo^noe MHorooSpaane N'^ h ero (J)yH- 

^aMeHTajibHbiii n,HKji npe^CTaBjiaeT (no TeopeMe FepSepTa) roMOJiorn- 

7(71-713) 

necKHH KJiacc, flBOHCTBeHHbiH B CMbicjiG llyaHKape Kon;HKJiy 77 32 g 
B. 8^(A^" 8^;Z/2). YpaBHeHHe (l28ll SKBHBajieHTHO cjie;i;yiOHi;eMy: 

71 — 7I3 _7l3 _ 

0z/2[3,(y) = (Cd7,5[4.])- (83) 
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ypaBHCHHe paBHCHHe (f30l) SKBHBajieHTHO cjie^yiomeMy: 

0z/2[3,(z/) = fe,;[A^U), (84) 

rfle MHorooSpaane N^^j^ h OTo5pa>KeHHe fib,Nr, '■ ^b,Tj ~^ K{Ji,, 1) onpe^ejieHbi 
KaK 2-jiHCTHoe HaKpbiBaiomee na^ MHorooSpaaneM N^2^ h OTo6pa>KeHHeM 

Va®d,Nr, ■■ Nr, K (la® id, I)- 

^jia flOKaaaTejibCTBa TeopeMbi ocTajiocb saivieTHTb, hto npaBbie nacTH 
paBencTB (l83ll (IMll paBHbi. 3to ;i;oKa3aHO b cjieflyiomeH jieiviMe. Teopeivia 12 
flOKaaana. 

JleMMa 23. Kjiaccu somoaosuu 

Cb,L,A[Lb,r,] G if„,(ir(Jfe,l);Z/2), (85) 

r/,,,([I,J) Gi/„,(ir(J,,l);Z/2) (86) 
HoTpeSyeTCfl JieMMa, anajiornHHaa JIgmmg 22. 

OnpeflejiHM xapaKTepHCTH^ecKHe KJiaccbi, anajiorHHEbie (TfSl) . (TTOl) . ^Jia 
saflaHHoro naTypajibHoro r, r = 1 (mod 2), onpeflejiHM ceivieHCTBO opn- 

eHTHpOBaHHblX MH0r005pa3HH = 5'2»--4«+l^J y. ]^4i-l^ 1 < i < 

2r < n-^ = dim(y„gg^)-4. B KanecTBe OTo5pa>KeHHa r/„^^_^ : /22r- ^ y^^^ 
BbiSepeM npoH3BOJibHoe CTan^apTHoe OTo5pa>KeHHe, onpe^ejienHoe KaK ^e- 

KapTOBO npOHSBefleHHe nOKOOpflHHaTHblX BJIOJKeHHHH 

Va^d,R. ■■ S'^-''^'/^ X C Y, n Y^^, ir(I. © U 1), (87) 

npH HeKOTOpblX npOH3BOJIbHbIX SHaneHHaX i, j , < i < < j < jmax- 

Onpe^ejieHO OTo6pa>KeHHe (^ij : R^^ R"^, KaK pe3yjibTaT fle(J)op- 
Maii;HH oSmero nojiojKeHna OToSpajKeHna dy o ^7^^^ ^. Onpeflejieno opnen- 
THpoBaHHoe MHoroo6pa3He c oco6eHHOCTaMH c KpaeM T^'"~" pasMepnocTH 
dim(T) = 4r — n, KaK MHoroo6pa3He caMonepeceneHHa OToSpajKCHHa gb^R. 

MnOrOoSpaSHe C 0C06eHH0CTflMH y^r-n (.j^yjj^jjrj, KaHOHH^eCKHM 2-JIHCTHbIM 

pasBeTBJieHHbiM naKpbiBaioinHM na^ MHoroo6pa3HeM T'^^~"'. HocKOJibKy mho- 
roo6pa3He c oco6eHHOCTaMH T^*""" norpyjKeHO b MHorooGpaane R^^ , nosTOiviy 
npe^ejien Kjiacc roMOJiorHii 

Cb,TA[Tb] e H,r-n{K{3h, 1); Z/2), (88) 

oSoGmaiomHH KJiacc roMOJiornH (l85l) . 
Onpe^ejieH KJiacc roMOJiornH 

VbMiTb]) e H^r-niK{J,, 1); Z/2), (89) 

o6o6maiomHH KJiacc roMOJiorHH ( !86l) . 
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JleMMa 24. 06o3HaHUM o6pa3 (fiyHdaMeHma./i'bHoso KAacca Va®d Ri ^ 
H2r{K{Ia © id, 1); uepes (2r - 4i + 1 X 4i - 1). 

-1. JH^AM KAacca 20M0A02UU (2r — 4i + 1 X 4i — 1) G H2r{K(la © Id, 1); Z), 
sadaHHOso omo6pacHceHueM (E3), Kyiacc somoaosuu (^SB), AeMcam,uu e moil 
Mce spynne, paeen (4r — 8i + 2 — | x8i — 2 — ecyiu o6a nucAa e cko6- 
Kax cmposo noAOCHCumeAbHue, u paeen uyAW, ecAU xomji6u odno U3 hucca 
ompuv^ameAbHO. 

-2. XapaKmepucmuHCCKUu KAacc (E3), o6o6inaiomuu KAacc (fg5l) Bah opu- 
enmupoeaHHUx MHOsoo6pa3uu c oco6eHHOcmMMU npu 2r = n — ^^^-y^, coena- 
daem c KAaccoM (123), ododmflwiu^uu xapaKmepucmuHCCKUu KAacc (ES)- 

/^OKasaTejibCTBO JleiviMbi 24 

^OKaaaTejibCTBO anajiornHHO flOKaaaTejibCTBy JleiviMbi 22. 



/^OKasaTejibCTBO JleMMbi 23 

PaccMOTpHM napy MHoroo6pa3HH, onpe;i;ejieHHbix (|)opMyjiOH flSTl) h nepeo6o- 
3HaHHM 3Ty napy MHoroo6pa3HH nepea 



^,[3] ' C iV[3, « . (90) 
MHorooSpaane A/'jgj * CHa5»ceH0 OTo6pa»ceHHeM 



^aed,[3]:% ^ -.ir(I.©I.,l). (91) 

MHoroo6pa3He N^^^ * c TOMHOCTbio ;i;o HopMajibHoro Ko6opflH3Ma cob- 

na;i;aeT c MHoroo5pa3HeM L" h3 TeopeMbi 11, T.e. aBJiaeTca Z/2['^l- 

ocHameHHbiM MHoroo6pa3HeM caMonepece^enHH D4-ocHameHHoro norpy>Ke- 
HHa (^fi, ?7Ar) MHoroo6pa3Ha iV" le^, onpe^ejienoro b ycjiOBHH TeopeMbi 
11. 



nepeo6o3HaHHM MHoroo6pa3He N"^ le Hepe3 N^^^^ . PaccMOTpnM 
noflMHoroo6pa3He 



Km ' ^ K\ " ' (92) 

flBOHCTBeHHoe B CMbicjie HyaHKape KoroMOJiorHnecKOMy Kjiaccy r]^ , 

jj_ " — "3 

r^Tv G H'^{^\2] )^/2)- Onpeflejieno norpy^Kenne 



n — ns 



'[2] 



^?iv„,,, : K;:'^"' ^ M", (93) 
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KaK orpaHHMeHHe norpyjKeHna gi na noflMHorooGpaane (l92|) . 

MHoroo6pa3He A^^j , onpe;],ejieHHoe b (iQOll sBjiaeTca MHoroo6pa3HeM 

caMonepece^eHHfl norpy>KeHHfl (^i. noflMHoroo5pa3He p] ^ , onpe^ejien- 
Hoe B ([90l) . aBJiaeTca MHorooSpaaneM caMonepeceneHHa norpyjKeHna fl93l) . 
IlpHMeHHM JleMMy 22 k roMOJiorHHecKOMy KJiaccy 

^fe,iv„pj : iV^,[2] ^ X, C ir(J6, 1) (94) 

H BblHHCJIHM KJiaCC TOMOJIOrHH flOTl) . KjiaCC rOMOJIOrHH (|9T1) yflOBJIGTBOpaeT 

ycjiOBHaM JleMMbi 24, 6biTb MOJKeT, c tohhoctbio flo npnGaBJieHna neTHoro 
roMOJiorH^ecKoro Kjiacca. HocKOJibKy Kjiaccbi roMOJiorHH ( l85l) . ( l89l) JiejKaT 
B rpynne, b KOTopoH neTHbiii sjieivieHT paBen nyjiio, ne orpaHHHHBafl oSmno- 
CTH, MOJKHO npe^nojiojKHTb, HTO roMOJiorHHecKHH KJiacc (1941) onpeflejiaeTca 
jiHHeHHOH K0M5HHaii;HeH CTaH^iapTHbix oSpaayioinHx, onncanHbix b JIgmmg 
24. JleMMa 23 ^^OKaaana. 

7 ^OKasaxejibCTBO TeopeM 17 h 18 

HocTpoeHHa b 3tom paa^ejie anajiorHHEbi nocTpoenHaM pa3;i;ejia 6. Ha^HeM 
flOKaaaTejibCTBO co cjie;i;yioiii;eH KOHCTpyKii;HH. OnpeflejiHM hhcjio h3 ycjio- 
BHa TeopeMbi 6. 

PaccMOTpHM MHoroo6pa3He YY = ^""^^^"r^+^/Qa X S'"~^^^+^/i. 3to 
MHoroo6pa3He abJiaeTca npaivibiM npoH3Be;i;eHHeM o;i;HopoflHoro KBaTepHH- 
OHHoro H jiHH30Boro npocTpaHCTB. SaivieTHM, HTO dim(yy) > n. Bbi6epeM 
BHyTpn MHoroo6pa3Ha YY no;i;MHoroo6pa3He Y c oco6eHHOCTaMH b Kopa3- 
MepnocTH 4, TaKoe, hto MHoroo6pa3He Y BKjiaflbiBaeTca b M". B nacTHOCTH, 
dim(y) < n. 

PaccMOTpHM B MHoroo5pa3HH YY ceMeiicTBO no;i;MHoroo6pa3HH 
. _ . . _ 3n + n, + 24 

1 ) J ^1 ■ ■ ■ ) ]max) Jmax -, „ 

16 

pa3MepH0CTH {n — ^^^-j^ + 8) h Kopa3MepHOCTH {n — ^^^^^ + 2) , onpeflejieHHoe 
no (|)opMyjie 

Y, = ^"-^+^-^vQa X s'^^yi, Y,_ = ^VQ. X s-^^yi 

BjiojKeHHe cooTBeTCTByiomero noflMHoroo6pa3Ha ceMeflcTBa b MHoroo6pa3He 
YY onpe;i;ejieHO KaK npaivioe npoH3Be;i;eHHe CTaH;i;apTHbix BJiojKeHHH. 
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OGteflnHeHHe U^^q"'!^ ceMeficTBa no;i;MHoroo6pa3HH {Yj} MHorooGpaana 
YY aBJiaeTca nojiH3flpoM (cTpaTH(J)Hii;HpoBaHHbiM noflMHorooSpaaneM c oco- 
SeHHOCTHMH B KopasMepHOCTH 4) pasMepHOCTH n — + 8, KOTopoe o5o- 

3HaHHM Vq^qi^ C YY. 

PaccMOTpHM noflrpynny 

la © ia Qa © la, (95) 

KOTopaa HHflyn,HpyeT 2-jiHCTHoe naKpbiTHe: 

XX YY. (96) 

OnpeflejiHM HaKpbiTne 



py 

Qa®Ia 



X j y j . (97) 

3to HaKpbiTHe HHflyn,HpoBaHO noflrpynnoii (I95p npH noMomn BjiOKennfl 
^Qa®ia TaKHM o5pa30M, naKpbiBaiomee npocTpancTBO ^i^^j^ b 

HaKpbiTHH (197p TaK>Ke HBjifleTCfl CTpaTH(|)Hn,HpoBaHHbiM MHoroo6pa3HeM c 
oco5eHHOCT5iMH B KopasMepHOCTH 4. 3to npocTpaHCTBO onpeflejieHO aB- 
HbiM oSpaaoM KaK oSTse^^HHeHHe ceMeiicTBa no^MHoroo6pa3HH b XX = 
^" 4 ^''/ix b 4 ^"'/i, onpeflejieHHbix no cpopMyjie: 

Xo = ^"-"^+71 X syi, X^= ^"-^+5-4^1 X S^^'+Vi, • • • 

Jmax I I 

PaccMOTpHM MHorooSpaane ZZ = ^^^^/Qa x 5'" ^^"''^/Qa- 3to 
MHorooSpaane aBJiaeTca npaivibiM npoHSBefleHneM ;i;Byx o;i;HopoflHbix KBaiep- 
HHOHHbix npocTpancTB. SaMeTHM, HTO dim{ZZ) > n. BbiSepeM BnyTpn mho- 
rooSpasHa ZZ no^MHorooSpasHe Z c ocoSenHOCTaMH b KopasMepnocTH 4, 
TaKoe, ^To MHorooSpaaae Z BKjia^biBaeTca b MP'. B ^acTHOCTH, dim(Z) < n. 

PaccMOTpHM B MHOrOoSpaSHH ZZ CeMGHCTBO noflMHoroo6pa3HH 



, 77, + + 6 



•^i 5 3 5 • ■ ■ 5 3 max 1 Jmax 2 

pasMcpHOCTH {n — ^^^-j^ + 8) H KopasMepHOCTH (n — ^^^^^^ + 2) , onpe^iejieHHoe 
no (J)opMyjie 

Zo = 5"-^+VQa X ^Vq„, z, = ^"-'^+VQa X ^7q,, . . . , 
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BjiojKeHHe cooTBeTCTByiomero noflMHorooGpaana ceMeiicTBa b MHorooGpaane 
ZZ onpe;i;ejieHO KaK npaivioe npoH3Be;i;eHHe CTanflapTHbix BJiojKeHHH. 

05T5e;i;HHeHHe ^^^Z^ ceMeftcTBa no;i;MHoroo5pa3HH {^j} MHoroo6pa3Ha 
ZZ aBJiaeTca nojiHS^poM (cTpaTH(|)Hii;HpoBaHHbiM no;i;MHoroo6pa3HeM c oco- 
6eHH0CTflMH B KopasMepHOCTH 4) pasMepHOCTH n — ^^^^ + 8, KOTopoe 060- 

3HaHHM ^Q^0Q^ C ZZ . 

PaccMOTpHM no^rpynny 

Q,©i/''"*^''®'^"Q,©Q,, (98) 
KOTopaa HHflyn,HpyeT 2-jiHCTHoe HaKpbiTHe: 

YY' "^^^ ZZ. (99) 



OnpeflejiHM HaKpbiTne 



VZ 



3to HaKpbiTHe HHflyn,HpoBaHO HO^rpyHHOH (I98p npn noMomn Bjio>KeHHa 
-^o ffit • TaKHM o5pa30M, naKpbiBaiomee npocTpancTBO Y' ■ b 

HaKpbiTHH poop TaK>Ke aBjiaeTca CTpaTH(J)Hn,HpoBaHHbiM MHorooSpasHeM 
c oco6eHHOCTaMH B KopasMepnocTH 4. 3to npocTpancTBO onpe^ejieno aB- 
HbiM o6pa30M KaK oGt-e^HHeHHe ceMeiicTBa no^MHorooGpasHii b YY' = 
S"' ^~^^/Qa X S"' onpe;i;ejieHHbix no 4)opMyjie: 

= s^-'^'-'/Qa X s'/i, y; = ^"-^+^-^vq, x s'^^'/i, . . . 

Y' = S'/Qa X 

Jmax I ' 

Onpe^iejieHbi OTo6pa>KeHHa rix '■ -^i„©i„ ~^ K(la © !«, Vy '■ ^Q^©i„ ~^ 
KiQa © ia,l), Vy' ■■ ^Q^g^i^ ^ K{Qa © i„,l), Vz : ^Q„eQ„ ^ ^"(Q« ® 
Qa,l), corjiacoBaHHbie c BKjnoneHHaMH no;i;rpynn (l98l) . ([95l) h HaKpbiTHaMH 
(l97llJ100T l. OTo5pa>KeHHe rjx npe;],CTaBjieHO npaMbiM npoH3Be;i,eHHeM oto5- 
pa>KeHHH 7]x,a X 7]x,d ■ ^i^eia ~^ 1) X K{la, 1). OTo5pa>KeHHe rjY npefl- 

CTaBjieno npaMbiM npoH3BefleHHeM OTo5pa>KeHHH Tfy^Q^ x rjY^d '■ ^Q^^eia ~^ 
K{QaA) X K{la,l). OTo5pa>KeHHe rjY' npeflCTaBjieno npaMbiM npon3Befle- 
nneM OToSpajKennn tjy' q„ ^Vy'.cl • -^(Qa? 1) X-ft'(Ia, 1). OTo6pa>Ke- 

nne (^^ npeflCTanjieno npaMbiM nponsne^enneM OTo5pa>KennH Cz,Qa x : 

^Q.eQ. ^^(Q-l)x^(Q-l)• 
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Onpefle.iHM MiiorooSpaane c ocoSeHHOCTaiviH Jq^^i^ ■ AJia npoHSBOJibHoro 

OT " 3n+ns — 16?-t-24 

) • • • :Jmax OnpeflejIHM npOCTpaHCTBO Jq^J KaK ^5K0HH — \q — KO- 

nnii KBaTepHHOHHoro o^Hopo^Horo npocTpancTBa /Q,a- Hpn Tex >Ke ana- 
HeHHflx j onpe^ejiHM npocTpancTBO Jj^^- = S^^'^^, flH4)4)eoMop4)Hoe CTan- 
flapTHOH Aj + 3-MepHOH c(J)epe, KOTopoe yflo6HO ce6e npe^CTaBjiHTb KaK 
npocTpancTBO fljKOHHa j + 1 3K3eMnjiapoB CTan^apTHofi c(i)epbi 5*^. Hpo- 
CTpancTBO ^Qaj X Jj^^- nepeo6o3HaHHM ^Jia KpaTKOcra nepea <^Q„0i^ j- 

Onpe^ejieno CTaH^apTHoe BKJiiOHeHHe i j ^. . : ^Q^^j^ j C Jq„,o x 

"^ia jmax' ^'^'^ COMHOJKHTejIb Jq^J {Ji^ j) BKJIIOMaeTCa B fl>K0HH-06pa3 KaK 

CTaii^iapTiibiH nojiJiJKOHH, nocTpoeiiiibiH jinsi cooTBeTCTBviomero ^incjia o;i;- 
Hopo^iibix KBaTepiiHOiiiibix npocTpaiiCTB (TpexMepHLix c(\)ep) npH CTaii;i,apT- 
Hoii HyMepaLi,HH. 06'beflHHeHHe Uj!!!o"' /m(ij^ ^. .) oSpaaoB Bcex 3thx BjiojKe- 
HHH flBjiaeTca hckombim npocTpancTBOM, KOTopoe o6o3HaMHM Mepe3 -/q^®!^, 

Onpe^ejiHM MHoroo6pa3He c oco6eHHOCTaMH Jq^^q^ - /I-na nponsBOJibHO- 
ro j = 0,...,j'„„^ onpeflejiHM npocTpancTBO J'q^j KaK ^jkohii ""''"""^■^^'^^ 
KonHH KBaTepHHOHHoro oflHopo^Horo npocTpaiiCTBa 5'^/Q„. Hpn Tex ace 
3HaHeHHax j onpeflejiHM npocTpancTBO J'^ ., ^^ncjjcjjeoMopcjjHoe npocTpan- 
CTBy fljKOHHa J + 1 3K3eMnjiapa KBaiepHHOHHoro OflHopoflHoro npocTpancTBa 
S^/Qa- HpocTpaHCTBO Jq^j X ^ nepeo6o3HaHHM fljia KpaiKOCTH Mepe3 

OnpeflejieHO CTaH^apTHoe BKJiiOHeHHe ij^ : Jcia^Qaj ^ J'cia o ^ 

., , r^e COMHOJKHTejIH Jq J^s ■ BKJIIOHaiOTCa B fl>K0HH-06pa3 KaK 

CTan^apTHbie no;i;;i;jKOHHbi, nocTpoennbie ^Jia cooTBeTCTByioinero HHCJia o^- 
HopoflHbix KBaTepHHOHHbix npocTpaHCTB npH CTaHflapTHoii HyMepan,HH. 06t>- 
e^HHeHHe ^j^Ql'ni{ij^ .) o6pa30B Bcex 3thx BJioiKenHfi aBJiaeTca hcko- 
MbiM npocTpancTBOM, KOTopoe o6o3HaHHM Hepe3 -^q^qq^, "^QaeQa "^Qa o ^ 

OnpeflejiHM pa3BeTBjieHHoe naKpbiTHe 

"Py ■ ^Q.ei. ^ -^Qaeia- (101) 
^jia KajKfloro j = 0, . . . , jmai onpeflejiHM OTo6pa>KeHHe 

Onpeflejieno CTan^apTHoe pa3BeTBjieHHoe naKpbiTHe (cm. [A], rjiaba 3, Onpe- 
flejieHHe OToSpajKenHa c): 

P^Q..-i ■■ S^'-'^-'^^VQa - Jq„j, (103) 
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OnpeflejieHO CTanflapTHoe pasBeTBJieHHoe HaKpbiTne (cm. [A], rjiaBa 3, 
Onpe;i;ejieHHe OTo6pajKeHHa d): 

p^^^^,:5^^-+Vi-^W, (104) 

OToSpajKenne (11021) onpe;i;ejieHO KaK fleKapTOBO npoHSBe^eHHe onncan- 
Hbix Bbime pasBeTBjieHHbix naKpbiTHH p03l) . p04p no nepBOMy coMHOJKHTe- 

JIK) H no BTOpOMy COMnOJKHTejIK): 

Onpe^iejieHO pasBeTBJieHHoe HaKpbiTne (llOip b peayjibTaTe ckjighkh paa- 
BeTBjiennbix naKpbiTnn (fy^ . no no^npocTpancTnaM nonapnbix nepece- 
^ennn ceMencTna no^MnorooGpaann Yq^^^^ ■ b MnorooSpaann YY . 

OnpeflejiHM pasBeTBJieHHoe HaKpbiTne 

^jia KajK^oro j = 0, . . . , J^ax onpe^ejiHM OToSpaacenne 

Onpe^ejienbi CTan^apinbie paaneiBjiennbie naKpbiTna (cm. [A], rjiana 3, 
Onpe^ejienne OTo5pajKeHHa c): 

: - Jq.., (107) 



: S^^^VQa - Jq„,. (108) 

OToSpajKCHHe (11061) onpe;i;ejieHO KaK flCKapTOBO npoH3Be;];eHHe onncan- 
nbix Bbime paaBCTBjiennbix naKpbiTnn p07l ). pOSp no nepBOMy coMnojKHTe- 
jiio H no BTopoMy coMnojKHTejiio: 

Onpe^ejieHO pasBeiBJieHHoe HaKpbiTne (llOSp b peayjibTaTC ckjichkh pas- 
BeTBjiennbix naKpbiTnn (y9^^ no no^npocTpancTnaM nonapnbix nepece- 
nennn ccMencTBa no^MnorooGpaanii ^q^qi^ j b MnorooGpaann ZZ . 
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OnpeflejiHM BJiojKeHne ij^ ^. : Jq^^i^ C M". 3to BJiojKeHne CTpoHT- 
ca B peayjibTaTe ckjighkh ceMeiicTBa CTaH;i;apTHbix BJiojKeHHH npocTpancTB 
"^Qaeiai' — i — jmax B ceMeiicTBO jmax + 1 eBKjiH^OBbix noflnpocTpancTB 

B paSMepHOCTH 5(3n+na+24) _|_ ^p^^^^^^^^ HCpeS HaHajIO KOOp^IHHaT. 

S^ecb Mbi Bocnojib30BajiHCb HepaBencTBOM n > bUs + 168, KOTopoe Bbinoji- 
HGHO no ycjiOBHK) TeopeMbi 17. Ilpn yKaaanHOM HepaBencTBe pasMepnocTb 
eBKjiHflOBbix npocTpancTB paccMaTpHBaeMoro ceMeHCTBa Menbine n. 

no;i;npocTpaHCTBO c HOiviepoM j ceMeiicTBa coflepjKHT napy npocTpancTB 
flonojiHHTejibHbix pasMepHOCTen: M w M°-'+*, nepeceKaiomnxcH 

B nanajie KOop;i;HHaT. Ilapa noflnpocTpancTB c coceflHHMH HOMepaMH nepe- 
ceKaiOTca no no^npocTpancTBy KopasMepnocTH 4. riepeceHenne b npocTpan- 
CTBe c MenbniHM (Gojibmnivi) coce;i;HHM noiviepoM TepaeT KopasMepnocTb 4 
BflOJib nepnoro (BToporo) no^npocTpancTBa Bbi5pannoH napbi. Bnyipn npo- 
CTpancTBa c noMepoM j ceMeiicTBa paccMaTpnBaeTCH ^exapTOBO nponsBe^e- 
nne BjiojKennn 

5(3n+n3+24) 

■ 1^ r- U 



^J... ■■ J^.. C \ (109) 



^^x.. ■ \. C (110) 
BjiojKenne (11091) onpe^ejieno xax ji;>ko^h 3'^+"s+^24-i6i ^^^^^ BJio^Kennn Mac- 
en S'^/Qa C M'^ (cm. [A], pa3;i;eji 3, Onpe^ejienne OTo6pa»cenna c). Bjioacenne 
(1 11 01) onpeflcjieno KaK CTan^apTnoe BJioacenne (4j + 3)-MepH0H c4)epbi b cb- 
Kjin^OBO npocTpancTBO. OGT^e^nnfla ccMencTBO nocipoennbix Bjio>KennnH, 
nojiy^nM BjiojKcnne ij^ : Jq^^i^ C M". 

Onpe/iejinM BJiojKenne ij^ : ^q^©q^ C M". 3to BJiojKenne CTponT- 
ca B peayjibTaTC CKJienKn ceMciicTBa CTan;i;apTnbix BJiojKennn npocTpancTB 
•^QaeQaj' ^ i ^ fmax B ceMCHCTBO j'^^^ + 1 CBRjinflOBbix no;i;npocTpaHCTB 
B M" pasMcpnocTn ^("■+'^°+^^) _)_ 3^ npoxo;i;ani;nx nepea nanajio KOop;i;nnaT. 
Sflecb Mbi BOcnojibsoBajincb nepabencTBOM n > ^"3+84 ^ j^oTopoe Bbinojineno 
no ycjiOBnio TeopeMbi 18. Hpn yxaaannoM nepanencTBe pasMcpnocTb enKjin- 
flOBbix npocTpancTB paccMaipnnaeMoro ccMeiicTBa Menbme n. 

no;i;npocTpaHCTBO c noMcpoM j ccMeiicTBa co^epjKnT napy npocTpancTB 
flonojinHTejibnbix pasMepnocTcn M s oj-i^ M^J+*, nepeceKaiontnxca b 
na^ajie KOop^nnaT. Hapa no^npocTpancTB c coce^nnMn noMcpaMn nepece- 
KaiOTca no noflnpocTpancTBy KopasMcpnocTn 4. HepeceHenne b npocTpan- 
CTBC c MCHbrnnM (6ojibmnM) coce;i;HnM noMcpoM TcpacT KopasMcpnocTb 4 
B;i;ojib nepBoro (BToporo) noflnpocTpancTBa BbiSpannoii napbi. Bnyipn npo- 
CTpancTBa c noMcpoM j ccMcncTBa paccMaTpnBaeTca flCKapTOBO nponsBefle- 
nne BjiojKennn 

ij' : J'o , C R 8^ (111) 
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ij' ■■J'r. C (112) 

BjiojKeHHe piip onpe^ejieno KaK ^jkohh "■+"-'>+^'^-^^^ Konnn Bjio>KeHHH Mac- 
CH S^/Qa C (cm. [A], paa^eji 3, Onpe^ejienHe OToSpajKenHa c). BjiojKe- 
HHe (11120 onpeflejiGHO KaK ;i;jkohh j + 1 Konnn BJiojKeHHa MaccH S^/Qa C 
R'^. 05i.e;i;HHa5i ceMeficTBO nocTpoeHHbix BJiojKenHHH, nojiy^HM BJiojKeHne 
i J . : Jf^ „o C M". 

KoHCTpvKiiHH OTo6pa:a<;eHHH cy : F ' ^ ^ M"^ 

CnaHajia onpeflejiHM BcnoMoraTejibHoe OTo5pa>KeHHe dz^ '■ -^q„©q„ ~^ 
M". 3to OTo5pa>KeHHe onpeflejieno b peayjibTaTe Majiofi peryjiapnoii PL 
;^e4)opMa^HH K0M^03H^HH o ifiz^^^^^ : ^Q,eQ„ ^ npH^eM ca- 

Ma ;i;e(J)opMaii;Ha h ee KajinSp e BbiSnpaiOTca b npoii;ecce ^OKaaaTejibCTBa 
(cm. aHajiorHHHoe nocTpocHHe b [A], JlcMMa 25). PaccMOTpHM KOMnoan- 
iiHio dz o Py' '■ Y' — > M" H onpeaejiHM hckomog OTo6pa>KeHHe 
Cy : Y' ■ — i> M" B peayjibTaie Majion peryjiapnoii PL-fle4)opMan,HH 
3T0H KOMno3Hii;HH KajiH6pa e', npHHGM e' << e. 

KoHCTpyKij;HH OTo6pa:»ceHHa c^^ : -^j^^j^ — ^ R"^ 

Onpe^ejiHM BcnoMoraTCJibHoe OTo6pa>KeHHe dy '■ ^Q^ei^^ ~^ 1^"- 3to OToSpa- 
JKCHHC onpe^ejieno b peayjibTaTe Majion peryjiapnoH PL-fle(J)opMan,HH kom- 
no3Hn,HH ij o . : y^. „j — > R"^, npH^eM caMa fle(J)opMan,Hfl h ee 

KajinSp e BbiGnpaiOTca b npon,ecce ^OKaaaTejibCTBa (cm. anajiorH^Hoe no- 

CTpoeHHC B [A], JlCMMa 25). PaCCMOTpHM KOMn03Hn,HIO dy o '■ 

Qa©Ia Ia©Ia 

-^ia®ia ^ ^ onpe^ejiHM hckomoc OToSpajKCHHe dx^ : ^i„eia — * R" b 
peayjibTaTC Majiofi peryjiapHoii PL-fle4)opMaii;HH SToii KOMno3Hii;HH KajinSpa 
e', npHHCM e' << e. 

Qa © ia-CTpyKTypa ^jia OTo6pa:a<:eHHH cx^^^^^ ■ ^i,©i„ ^ IR" 

PaccMOTpHM nojiHBflp caMonepeceHCHHa OTo6pa>KeHHfl cy^ ^. : ^Q^©i^ 
R" H o6o3HaHHM cro Hepe3 Nidy . ). riojiHS^p N(dy . ) abjiacTca mho- 

Qa ©I a Qa ©la 

roo6pa3HeM c ocoSenHOCTaMH (b Kopa3MepHOCTH 4) c KpacM, stot Kpaii o5o- 
3HaHHM ^epe3 dNidy . ). 

Qa ©la 

PaccMOTpHM nojiHB^p caMonepece^CHHa OToSpajKCHHa cx^ j : ~^ 
R" H o5o3Ha^HM ero ^epe3 A^(cx ). nojiH3;],p A^(cx . ) flBjiaeTca mhofo- 

Ia©Ia laffila 

o6pa3HeM c ocoGenHOCTHMH (b Kopa3MepHOCTH 4) c KpacM, 3T0T Kpan o6o3Ha- 
^HM Hepe3 dNicx )• MHoroo5pa3He c ocoSeHHOCTHMH c KpacM Nicx ) 

Ia©Ia Ia©Ia 
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npe;i;cTaBJiaeTca b oGte^^HHeHHe flByx MHorooSpasHH c oco6eHHOCTaMH c Kpa- 
eM N{cx, ) = Nx^ ■ ,antigiag^Nx^ ,r HO oSmcMy Kpaio, TaKHM o6pa30M, 



^To: 



1. MHoroo5pa3He c ocoSenHOCTHMH c KpaeM Nx HBjiHeTCH HaKpbi 

la ©la iT 

BaiomHM npocTpancTBOM npn peryjiapHOM 4-jihcthom naKpbiTHH p^v 



Nx ■ ^NicY . ). 

2. MnorooSpasHe c ocoSenHOCTaMH c KpaeM Nx antidian BOSHHKa- 

la ©la ' 

eT npH fle(J)opMaii;HH flByjiHCTHoro HaKpbiTHa py^ : -^i^^i^ — ^ ^Qaeia 
BHyTpn peryjiapHOH (norpyjKeHHOii) OKpecTHOCTH neocoGbix tohgr nojins^pa 

PaccMOTpHM nojiH3flp caMonepeceneHHa OToSpajKeHna c^j : "^^i^ei^ ~^ 
H o6o3HaHHM ero nepea N{cx )• HojiHSflp A^(cx ) aBJiaeTca mhofo- 

la ©la Ia©Ia 

o6pa3HeM c oco6eHHOCTaMH (b KopaaiviepHOCTH 2) c KpaeM, 3tot Kpaii oSoana- 
HHM nepea dN{cx ). MHorooSpaane c ocoSeHHOCTaMH c KpaeM N{cx ) 

Ia©Ia Ia©Ia 

npeflCTaBjifleTCfl b oS^be^HHeHHe flByx MHorooSpasHii c ocoSenHOCTHMH c Kpa- 
eM A^(cx ) = Nx UA^x no oSmeMy KpaK), TaKHM oSpaaoM, 

1. MHorooSpaane c ocoSeHHOCTaMH c KpaeM Nx r aBJiaeTca HaKpbi- 

la ©la ' 

BaroinHM npocTpancTBOM npn peryjiapnoM 4-jihcthom naKpbiTHH Pm^t r '■ 

loela' 

Nx ■ r ^ Nicy . ). 

2. MnorooSpaane c ocoSenHOCTHMH c KpaeM Nx antidian BoanHKaeT npn 

la ©la ' 

fle4)opMan,HH ^ByjincTHoro naKpbiTHa px BnyTpn peryjiapnoH (norpy- 

la ©la 

jKeHHon) OKpecTHOCTH HeocoSbix ToneK HOJiHSflpa cy^ ^. (^Q„oi„)- 

HoBTopaa paccyjK;i;eHHa na JleMMbi 25 [A], onpe^ejinM OToSpajKenne 



(ir(Q„©ia,l),i^(Ia©ia,l)). (113) 

3to OToSpajKeHHe onpe^ejieno b peayjiBTaTe CKjienKH xapaKTepncTHnecKoro 
OTo6pa>KeHHa na Nx antidian c npe^BapHTejiBHO nocTpoeHHbiM OTo6pa>Ke- 

la ©la ' 

HHeM Ha A^y . r, no aHTHflHaronajibHOH nacTH rpaHHii;bi, r;i;e yKaaaHHbin 

Qa ©la ' 

OToSpajKeHHa roMOTonnbi. FpaHH^Hbie ycjiOBHa na dNicx ) onpe^ejiaiOT- 

la ©la 

Vx^ i 

ca KOMnoaHitneii dNicx ) C Xj f^^j i^fla © Iq, 1). OTo5pa>KeHHe 

Ia©Ia avp a 

(11131) onpe^ejiaeT © Iq CTpyKTypy ^jia OToSpaaceHHa cx • 

la ©la 
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BHKBaTepHHOHHaa CTpyKTypa ^Jia OTo6pa»ceHHH cy : Y' ■ 

Qa®ia *4affila 

w 

AnajiorH^HO npe^bi^ymeMy nocTpoeHHio, onpe^ejiHM MHorooGpaane c oco- 
SeHHOCTflMH c KpaeM Nicv' ) H OToSpajKeHHe 

Qaela 

Qaffilo l^afflla ^affila 

(K(Q, © Q,, 1), ir(Q, © i„ 1)). (114) 
rpaHHHHbie ycjiOBHa na dNicv' ) onpeaejiaiOTCfl KOMnosHiiHeH 

dN{cY' . ) C Y' ■ K{Qa®ia,l)- OToSpajKeHHe (HHI) onpefle- 

jiaeT Qa © Qa CTpyKTypy ^jia OTo6pa>KeHHa cy 

Qaeia 

KoHCTpyKij;HH ZW— ocHameHHoro norpy:aceHHH c Qa©Ia— CTpyKTypoii 
B TeopeMe 17 

HycTb 3a;i;aH0 Z'^l-ocHaineHHoe norpyxceHne ?7Ar), : A^" ^ R-^ R". 

Ho ycjiOBHK) TeopeMbi aa^tano OTo5pa>KeHHe r]a^a,N '■ ^ — ^ K{Ia ® 

Ia,l), npn 3T0M BbinojiHeHO ypaBHeHHe (l42ll . OTo5pa>KeHHe rjac^a^N onpe- 
flejiaeT o;i;H03HaHHO (c tohhoctbio ;i;o roMOTonHn) OTo5pa>KeHHe 'r]a^d,x '■ 
^ — > Xj^^j^, nocKOJibKy A^i^^j^ BKJiaflbiBaeTca b K{Ia © la, 1) KaK 
ocTOB CTaHflapTHoro KJieTOHHoro pasGneHHa, KOTopbiii coflepjKHT MeHbinnii 
OCTOB CTan^apTHoro KjieTO^noro paaSneHHa pasMepnocTH n — "-"^^ -)- 1 = 
dim(A^) + 1. 

PaCCMOTpHM KOMn03HIi;HIO Cx ■ ° Vx ■ '■ ^ — H paCCMOT- 

pHM Majiyio fle(J)opMan,Hio SToro OTo5pa>KeHHa b norpyaceHHe gi b Kjiac- 
ce peryjiapnoii roMOTonHH ;],aHHoro norpy>KeHHfl g : A'^" ^ M". Ka- 
jih6p 5 ;i;e(|)opMaii;HH cx ■ ° Vx ^ 9i Bbi5HpaeTC5i mhofo MenbinHM 
e . IlorpyjKeHHe gi cnaSjKeHO D4-ocHaiii;eHHeM c tgm jkg xapaKTepncTH- 
necKHM KJiaccoM ?77v, npH 3T0M TpoHKa {gi,'^i,ri]\f) onpe^ejiaeT b rpynne 

j^^ZW _ ^^^^) SJieMGHT 

05o3Ha^HM ^epea L" 2^ MHorooSpasHe caMonepece^enHH norpyjKenHa 
gi. Onpe;i,ejieHO pa35HeHHe 



^"-^ = C"c~ur--^ (115) 



n — ns 



eye/ i„©i. 



no oGmeii rpaHHn,e. HpH stom MHorooSpaane L^^^^ ^ norpy^Keno b pery- 
jiapnyio (norpy>KeHHyio) OKpecTHOCTb nojins^pa N{cx^ )• MnorooGpasHe 
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norpyjKeHO b peryjiapnyio (norpyjKeHHyio) HeKpHTH^ecKHX tohck 
nojiH3;i;pa dx^ i^i^^ij TaK, hto onpe;i;ejieHO OTo6pa>KeHHe 



TlL -.U ^^Iffii (116) 



npoeKn,HH 3toh ^acTH MHoroo6pa3Hfl piSp na n,eHTpajibHbiH nojiHS^p b pac- 
CMaTpHBaeMOH okpgcthocth. OGmafl rpaHHn,a bthx MHorooSpasHH norpy- 
jKena b peryjiflpnyio (norpyjKeHHyio) OKpecTHOCTb KpHTH^ecKHx ana^enHH 
OTo5pa>KeHH5i Cx ■ • ©i I^" (cm. anajiornHHoe Hpe^jioiKeHHe 21 h3 
[A]). 

Onpe^ejiHM hckomog OToSpajKenne 

CQ.eI„,L ■ ^"""^ - K{Qa © ia), 1)- (117) 

OTo6pa5KeHHe Cq^®:^ l 3afla;i;HM OTflejibHO na KOMnoneHTax pasSneHna (11151) . 



Ha KOMnoneHTe L^^^^ ^ OTo6pa>KeHHe Cq^^eia l onpe^ejieno OTo5pa>KeHHeM 
(11131) . KOTopoe npo;i;oji>KaeTca na bck) norpy»ceHHyio peryjiapnyio OKpecT- 
HOCTb MHoroo5pa3Ha c ocoSeHHOCTaMH N{cx ) bhg KpHTH^ecKHx SHane- 

la ©la 

HHH. Ha KOMnoneHTe OToGpajKenne Cq^^i^ l onpe^ejieno kombosh- 

n,HeH 

^reiT ® ^) ^(Qa © id, 1). 

Ha o6in;eH rpaHHn;e yKaaaHHbie OToSpajKenna mojkho CKJienTb, hto cjie^yeT 
H3 BbinojineHHa rpanHnnbix ycjiOBHH ^jia OTo6pa>KeHHa ( 11131) . OTo5pa>KeHHe 
pi7l) . onpe^ejiaiomee Qa © la^CTpyKTypy ZW-ocnameHHoro norpyjKeHHa 
(fifi, ^1, r/Af) onpe^ejieHO. 

KoHCTpyKij;HH Z/2t^l— ocHameHHoro norpy:a<;eHHa c 6HKBaTepHHOH- 
Hoii CTpyKTypoii b Teopeivie 18 

HycTb aaflano Z/2l^]-ocHaiii;eHHoe norpyjKeHne {g,'^,r]x), g '■ ^ 
M", onpe;i;ejiaion];ee sjieivieHT y E Imm^^'^^^\n — ^^^-^,^^-^). Ho ycjiOBHio 

TeopeMbi 3a;i,aH0 OTo6pa>KeHHe VQaoia '• ^ ~^ -^(Qa©ia, 1), npn btom 

BbinojiHeno ypaBneHHe (i43l l. OTo6pa>KeHHe ^g^^j^ at onpe^ejiaeT o^HOSHan- 

HO (c TOHHOCTbK) HO TOMOTonHn) OToSpajKeHHe TiY' '■ 2^ —^yL + , 

nocKOJibKy Y' ^ BKjia^biBaeTca b K{Qa © la, 1) KaK octob CTan^apTHoro 
KJieTOHHoro paaSneHHa, KOTopbifi aaseflOMO co;i;epjKHT MeHbinnii octob CTan- 
flapTHoro KjieTonnoro pasSHenHa pasMepnocTH n — "H^^ + 1 = dim(iV) + 1. 
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PaCCMOTDHM KOMn03HIi;HIO Cy' O Tly' ■ 2 ^ — > M*^ H DaCCMOT- 

pHM Majiyio ;i;e(J)opMaii;Hio BToro OToSpajKeHna b norpyaceHHe gi b KJiac- 

n-—ns 

ce peryjiapHoii roMOTonHH ^anHoro norpy>KeHHfl g : ~ M". Ka- 

jih6p 5 aecbopMaiiHH dv' o W Qi BbiSnpaeTca mhofo MenbinHM 

e'. norpy>KeHHe gi cnaSiKeHO Z/S^^^-ocnameHHeM c tgm >Ke xapaKTepH- 
CTHHecKHM KjiaccoM 7]^, npH 3T0M TpoHKa {gi, 7]^) onpeflejiflGT B rpynne 
Imm^l'^^'^^ (n - ^^^) sjieMCHT y. 

05o3Ha^HM ^epea L^" MHorooSpasHe caMonepece^enHH norpyjKeHHH gi. 
Onpe;i;ejieHO paaSneHne 

L-=L-,UL-^,^ (118) 

no oGmeii rpaHHn,e. Ilpn 3tom MHoroo6pa3He -Z^^yd norpy^Keno b peryjiapnyio 
(norpy>KeHHyio) OKpecTHOCTb nojiH3;],pa Nidy )■ MnorooSpasHe L'!" ■ 
norpyjKeHO b peryjiapnyio (norpyjKeHHyio) peryjiapHbix tohck nojiHSflpa 
Cy [Y' ) TaK, HTO onpeaejieno OTo5pa>KeHHe 

npoeKii;HH SToii nacTH MHorooSpaana (I118p na ii;eHTpajibHbiH nojiHB^p b pac- 
CMaTpHBaeMoii okpgcthocth. OSmafl rpaHHn,a bthx MHorooSpasHH norpy- 
jKena b peryjiflpnyio (norpyjKeHHyio) OKpecTHOCTb KpnTHnecKHx ananenHH 
OTo6pajKeHH5i Cy : y' ■ ^ M" (cm. anajiorHnHoe IlpeajiojKeHHe 21 h3 

[A]). 

Onpe^ejiHM hckomog OToGpajKenne 

CQ„ei.,L:^"^-^(Qa©Qa,l). (120) 

OTo6pajKeHHe Cq^jeQa 3cifla;i;HM OT;i;ejibHO na KOMnoneHTax paaSneHHa (11181) . 
Ha KOMnoneHTe i^"^^; OTo5pa>KeHHe Cq^jeq^ l onpe;i;ejieHO OTo6pa>KeHHeM 
pi4l) . KOTopoe npoflOJiJKaeTCfl na bck) peryjiapnyio OKpecTHOCTb mhofooS- 
pasHa c ocoSeHHOCTaMH Nidy ■ )■ Ha KOMnoneHTe L"" ■ OTo6pa>KeHHe 

Qa©Ia qa©-la 

''QaffiQa i onpe^ejieno KOMno3Hn,HeH 

TTJ, . 1lY ■ i ■ ■ 

^q1©I. ^i.ei„ ^(Q'^ ® 1) i^(Qa © Qa, 1). 

Ha oSmeii rpaHHn,e yKaaannbie OTo6pa>KeHHfl mo>kho CKjieHTb, ^to cjie- 
j\yeT H3 BbinojineHHa rpaHHMHbix ycjiOBHH jiflu OTo6pa>KeHH5i (I114p . OToSpa- 
jKenne (|120p . onpeflejiaioinee © Qa-CTpyKTypy Z/2[^l-ocHaiii;eHHoro no- 
rpyjKeHHa ((^i, t/at) onpe^ejieHO. 
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IlpoBepKa ypaBHeHHa (1421) 

PaccMOTpHM Z/4['^l-ocHameHHoe norpyaceHHe ((^i, ?7Ar), nocTpoeHHoe Bbi- 
me. 3to norpy>KeHHe onpe^ejiaeT to >Ke sjieivieHT y G Imm^^'^^*^ {n — 
^^-^,^^^-^). Ho ycjiOBHK) MHorooSpaane A^" ^ CHa5jKeH0 OToSpajKeHneM 

''^Qa®ia,N • -^"^ ^ ~^ K{Q,a © ia,l)- PaccMOTpHM MHorooSpasHC L" 2^ 
caMonepece^CHHa norpyjKenHa (^i, CHa6>KeHHoe OToSpajKenneM (11171) . 
OnpeflejiHM no^MHorooGpasHe 

K-"^CiV"-"^, (121) 

n — ris n — n n — n 

flBOHCTBCHHoe B CMbicjic IlyaHKape KOH;HKJiy r]^^^'^ G H^^{N"' ^;Z/2). 

PaccMOTpHM HorpyjKeHHe (oSmero HOJio^KCHHa) g^^ : Nr, ^ S-^ M", onpe- 
flejiCHHoe KaK orpaHnneHHe HorpyjKeHna gi na no;i;MHoroo5pa3He (I12ip . 05o- 
3HaHHM Hcpea V^" MHorooSpaane caMOHepeceneHHa Horpy»ceHHa g^^. Onpe- 
flCJieno BjioiKCHHe HO^MHorooSpasHH 

C L"-"^. (122) 

Onpeflejieno OToSpajKCHHC 

CQaeia,L„ • ^7 ~^ ^(Qa © la, 1) 

KaK orpaHHHeHHe OToSpajKenna (I117p na noflMHorooSpaane (I122p . SaMCTHM, 
^TO noflMHorooSpasHe (I122p npe^CTaBjiacT roMOJiorH^ecKHii Kjiacc, ^Boii- 
CTBeHHbiH B CMbicjie IlyaHKape KOii;HKJiy (, 32 g -n 2 (L 2 ;/,//). 
HoBTOMy ypaBHCHHe (llOll SKBHBajieHXHO cjie^yiomeMy: 

n — ns —lis. _ 

©Df (y) = (CX; [^U)- (123) 
KaHOHHHecKoe 2-jiHCTHoe HaKpbiBaioinee L^'J, na^ MHorooSpasHCM (I122p 

ecTecTBCHHO norpy>KeHO b HCxo^Hoe MHorooSpaane A^" ^ h ero (J^yn- 
^laMeHTajibHbiH ii;hkji npe;i;cTaBJiaeT (no TeopcMC FepSepTa) roMOJiorn- 

„ u TT n-ns 

^eCKHH KJiaCC, ^BOHCTBeHHblH B CMblCJIC llyaHKapC KOn,HKJiy 1] 32 g 

H r^(A^" i^;Z/2). YpaBHeHHe paBHCHHe (Il2l) SKBHBajieHTHO cjieflyio- 
mcMy: 

n — rig ns _ 

©Df (z/) = (^.,V,;K,^]), (124) 

rfle OToSpajKCHHe ?76,7v^ : A^^| — /"^(Jfe, 1) onpe;i;ejieHO b peayjibTaTC HaKpbi- 
THa nafl orpanHHeHneM OToSpajKCHna rjh^N na no;i;MHoroo5pa3He (I12ip . 

^jia flOKaaaxejibCTBa TeopcMbi ocTajiocb aaMCXHTb, hto npabbie nacxn 
paBCHCTB (I123p f ll24p paBHbi. 3to ^OKaaano b cjie^yromeii jicmmc. TeopcMa 
17 flOKaaana. 
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JleMMa 25. Kauccu zomoaosuu 

CbA[LbA e HnXK{Jb, 1); Z/2), (125) 

r]tA[Nb,r,]) e /7„,(ir(J,,l);Z/2), (126) 
anaAozuHHue zoMOAOzunecKUM K./iaccaM f 1 731) . i \74\) , paenu. 

nepe4)opMyjiHpyeM jieMMy h ^OKameu 6ojiee o6mee yTBepjK^eHHe. Kjiacc 
roMOJiorHH p26p mo>kho o6o6mHTb h onpe^ejiHTb b Sojiee oSmeH CHTyan,HH, 
6e3 npe;i;nojio>KeHHa o tom, hto MHorooGpaane L"^" aBJiaeTca aaiviKHyTbiM. 

IlycTb onpe;i;ejieHO aaiviKHyToe opneHTHpoBaHHoe MHorooGpaane R^^ c 
ocoSeHHOCTaMH B KopasMepHOCTH 4 pasMepHOCTH dim(i?) = 2r, 2r = —2 
(mod 8), I < 2r < n — ^i^!^. npe;i,nojio>KHM, ^to aa^aHO OTo6pa>KeHHe 

Vx 

PaccMOTpHM OTo5pa>KeHHe qr : R^^ —>■ M" oSmero nojiojKeHHa, KOTopoe 
onpe^ejieno b peayjibTaie Majioii fle4)opMan,HeH oSmero nojiOKenna oto6- 

a ■ dx 

pa>KeHHfl R — > — > -^1^01^ — ^ ■ Unpe;],ejieHO opneHTHpoBaHHoe 
MHorooSpasHe c oco6eHHOCTaMH T""^*^ caMonepece^HHa OTo6pa>KeHHa g^. 
Kpaii dT'^-^'' MHorooGpaana T"~^^' coctoht h3 KpHTH^ecKHx tohck OTo6pa- 
jKeHHa qr. OnpeflejieHO KaHOHH^ecKoe 2-jiHCTHoe naKpbiTHe T"~^^ — > T""^'', 
pasBeTBjieHHoe b^ojib Kpaa. Onpe^ejieno OTo5pa>KeHHe Cq^ei^ t • T"~^^ — 
-f^(Qa ffi la, 1) B peayjiBTaTe KOMno3Hn,HH norpy>KeHHa T"-*^'" /^2r ^ qtoS- 
pa>KeHHeM r/i^eia.fl- 

Onpeflejien Kjiacc roMOJiorHH 

^I.®L,T,*(m) e i/.-4.(i^(Ia©ia,l);Z/2), (127) 

o6o6maiomHH Kjiacc roMOJiornfi f ll26p . Kjiacc roMOJiorHH (11251) TaK>Ke mojkho 
o6o6mHTB Ha paccMaTpHBaeMBiH cjiynaii. 
Onpe;],ejieHO pasGHenHe 

^ Uij^^j^, (128) 

anajiorHHHoe paaGneHHio ([US]). 

Kpaii QT^-^^ MHoroo6pa3Ha c ocoSenHOCTaMH T""^'' n,ejiHKOM jiejKHT b 
KOMnoHeHTe T h npoeKii;Ha 

-'la®Ia loSlo laffila' V / 

aHajiorHHHaa OTo6pa>KeHHio flllGp . nepeBO^HT Kpaii QT^-'^''' b peryjiapnyio 
nacTB MHorooSpasHa c ocoSeHHOCTaMH Xj^^j^. 
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OnpeflejieHO OToGpajKenne 

Cq.©i.,t : dT^-'n - (KiQa © la, 1), {K{la © ia, 1)), (130) 

anajiornHHoe OTo6pa>KeHHio flllTp . 

HocKOJibKy KopasMepHOCTb OTo6pa>KeHH5i neTna, h MHorooGpaane c 
ocoSeHHOCTHMH R^^ HBjifleTCfl opHeHTHpoBaHHbiM, TO H MHoroo6pa3He c oco- 
6eHH0CTiiMH c KpaeM T""'^'" TaK»ce hejihgtch opneHTHpoBanHbiM. Cjie;],OBa- 
TejibHO OTHOCHTejibHbiii Kjiacc roMOJiorHH 

Cq.©I.,T,* dT^~'l) e H^-4r{K{qa © la, 1), (i^(Ia © la, 1)); Z/2) 

aBjiHGTca npHBefleHHCM no MO^yjiio 2 cooTBCTCTByiomero n,ejiOHHCJieHHoro 
KJiacca H3 rpynnbi if„_4r(K(Qa © 1), K(la © ia, 1)); Z). 

OrpaHHHeHHe OToSpajKenna Cq^eia t Kpafi QT^-^'^' npHHHMaeT SHane- 
HHa B no;i;npocTpaHCTBe K{la © la, 1) C -ft'(Qa © ia, !)• 05pa3 4)yHflaMeH- 
TajibHoro n,HKjia Cq^^i^ t*([^^"~^^]) MHorooSpaana c ocoSenHOCTaMH, KpaeM, 
onpe^ejiaeT nyjieBoii n,HKji b rpynne if„^„i(ir(Ia©Ia, 1); ^/2), nocKOJibKy jie- 
JKHT B oSpaae nyjieBon rpynnbi Hn-Ar-i{K{la®'^a, 1); ^) npn roMOMop4)H3Me 
npHBe^enna no MO^yjiio 2 (cm. anajiorn^noe yTBep>KflenHe b JIgmmg 16 h3 
[A]). Cjie^OBaTejibHO, KJiacc roMOJiornfi 

Ci„©L,*([^^6] G H^~Ar{Kila © i,, 1); Z/2) (131) 

onpe^ejieH. 

B nacTHOCTH, xapaKTepncTHHecKne KJiaccbi (11271) . (11311) onpe;i;ejieHbi, ec- 
jiH b KanecTBe MHorooGpaana i?^*" BbiSpaTb MHorooSpaane i?^*^ = S*^^"^*"^^/! x 
S"^*"^/!, a B Ka^ecTBe OTo5pa>KenHa rji^^i^ ^ Bbi5paTb nponanojibnoe CTan- 
^apTnoe OToSpaacenne, onpe^ejiennoe KaK ^eKapTOBO nponaBe^enne noKO- 
OpflHHaTHblX BJioaceHHHH 



If . j rjx 

i^(Ia©ia,l), (132) 

npn nponaBOJibHbix aHaneHnax i, j, < 8i < 2r + 1, < j < jmax- 
JleMMa 26. 06o3HaHUM o6pa3 cfiyHdaMeHmaAbHoso KAacca rj-f^^^j^ ^. *([-Rj]) ^ 

H2r{K{Ia © ia, 1); Z) -46^63 (2r - 8i + 1 X 8i - 1) . 

- 1. J],AH KAacca 20M0A02UU (2r — 8z + 1 X 8z — 1) G H2r{K{Ia © la, 1); ^), 
sadaHHOso omo6paMceHueM {\13^^ . kaucc zomoaozuu {\121^ . AeMcaw^uu e mou 
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CHce spynne, paeen (4r — IQi + 2 — ^ x IQi — 2 — ecAU o6a nucjia e CKo6Kax 
cmposo noAoofcumeAbHue, u paeen HyAW, ecAU xomsi6u odno U3 uuceA e 
CKo6Kax ompunameAbHO. 

- 2. XapaKmepucmunecKuu KAacc (\131L ododvuamvuuu kaucc i \129S} Sam 
opueumupoeaHHUx MHOsoo6pa3uu c oco6eHHOcmHMU npu 2r = n— coe- 
nadaem c KAaccoM {\127\i . o6o6w^aiow,uu xapaKmepucmuuecKuu KAacc {\126{) . 



/^OKaaaTejibCTBO JleMMbi 26 

yTBepjK^eHHe 1 ^OKaabiBaeTca npaivibiM BbinncjieHHeM, KOTopoe onycKaeTca. 
yTBepjK^eHHe 2 BbiTeKaeT h3 nocTpoenHa OTo6pa>KeHHa , cm. anajio- 

rHHHyio 4)opMyjiy (20) b [A]. JleMMa 26 flOKaaana. 



/^OKaaaTejibCTBO JleMMbi 25 

PaccMOTpHM napy MHorooSpaanfi, onpe^ejiennbix ^opuyjiom (11211) h nepe- 
o5o3Ha^HM 3Ty napy MHorooSpasHH nepea 



^,[4] ' C iVj,, ^ . (133) 



n — Tis 



MHoroo6pa3He TVj^j ^ CHa6:^eH0 OTo6pa:>KeHHeM 



^I.®i.,[4] : ^^[4]" ' -i^(Ia©Ia,l). (134) 

MHoroo6pa3He N^^-^ * c TonnocTbio HopMajibHoro KoSop^HSMa cosna- 

^aeT c MHoroo5pa3HeM L" r^, KOTopoe flBjiaeTca Z/2'^l-ocHameHHbiM mho- 
rooSpasHeM caMonepeceneHHa Z/2'^l-ocHameHHoro norpyjKenHH ((^i, ?77v) 
MHorooSpasHH A^"^ 8~, onpe;],ejieHoro b ycjiOBHH TeopeMbi 12. 



nepeo6o3HaHHM MHorooSpaane N"- » nepea N^^^ * . PaccMOTpnM 
noflMHorooSpaane 

„ n-ns n-ng 

\m ' C Arj3, « , (135) 



flBOHCTBeHHoe B CMbicjiG HyaHKape KoroMOJiorHnecKOMy Kjiaccy 77^^** , tjn G 
H*{N^3] ' ;Z/2). Onpe^ejieHO norpyjKeHHe 

KaK orpaHHHeHHe norpy»ceHHa gi na noflMHorooSpaane (11351) . 
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MHoroo6pa3He N^^-^ * , onpe;i;ejieHHoe b (I133p sBJiaeTca MHorooSpaaneM 

caMonepeceneHHa norpyjKeHna gi. noflMHorooSpaane ^^[4] ^ , onpeflejien- 
Hoe B (11331) . HBjifleTCfl MHoroo6pa3HeM caMonepece^enHH norpyaceHHa (11361) . 
IlpHMeHHM JleMMy 24 k roMOJiorHnecKOMy Kjiaccy 

^a®^,A^.,[3, ■■ \m ' ^i.ei. C ® 1) (137) 
H BbiHHCJiHM KJiacc TOMOJiorHH (11341) . Kjiacc roMOJiorHH (11341) yflOBJieTBopaeT 

yCJIOBHHM JleMMbI 26, 5bITb MOJKeT, C TOHHOCTbK) ^1,0 npHSaBJieHHH HGTHOrO 

roMOJiorH^ecKoro Kjiacca. HocKOJibKy Kjiaccbi roMOJiorHH (I125p . (I126p Jie- 
>KaT B rpynne, b KOTopofi neTHbiH sjieMeHT paBen nyjiio, He orpannnHBaa 
oSmHOCTH, MOJKHO npe^nojiojKHTb, HTO roMOJiorHHecKHH KJiacc (I149P onpe- 
flejiaeTca jinneHHOH K0M5HHaii;HeH CTaH;i;apTHbix oSpaayioinHx, onncaHHbix b 
JleMMe 26. JleMMa 25 ^OKaaana. 

BocnojibsyeMCfl JIgmmoh 25. Ha6op CTan^apTHbix OToSpajKenHii p32p 
npn 2r = n — peajinayeT Bce sjieivieHTbi b rpynne if„ n-ns (Xj^^j^: Z). 

HocKOJibKy MHorooSpaane Nrj ^ OKasbiBaeTca opnenTHpoBannbiM, oto5- 

pa>KeHHe grj : A^r; ^ — ^ IR" KoGop^anTHO flHS^biOHKTHOMy Ha6opy CTan- 
/lapTHbix OTo6pa>KeHHH (I132p b KJiacce OToGpajKennn opnenTHpoBannbix 
MHoroo6pa3HH c ocoSennocTaMH b KopasMepnocTn 4. XapaKTepncTHHecKne 
KJiaccbi OTo5pa>KeHHa npn Ko6op;],H3Me OToSpajKenna coxpanaiOTca. Cjie^o- 
BaTejibHO, xapaKTepncTHHecKHe nncjia p25p p26p pasHbi. JleMMa 25 flOKa- 
aana. 



IlpoBepKa ypaBHeHHa (1431) 

PaccMOTpHM Z/2[^l-ocHani;eHHoe norpyacenne ((^i, t^at), nocTpoennoe bm- 
me. 3to norpy>KeHHe onpe^ejiaeT sjieMenT y E Imm^/'^^^\n — , ) , 
TOT >Ke, HTO H HCxo^Hoe Z/2[^^-ocHan],eHHoe norpy>KeHHe ((7, r/Tv)- 

MnorooSpaane A^" 2^ cnaSyKeno OToSpajKenneM Vq^®!^ n '■ ^ ~^ 

K{Qa ©la,!)- PaccMOTpHM MHorooSpasHe L"^" caMonepeceHenna norpy»ce- 
HHa gi, cnaSiKeHHoe OTo6pa>KeHHeM p20p . 

Onpe^ejiHM noflMHorooGpaane 

^n. C AT"-"^, (138) 

;i,BOHCTBeHHoe b CMbicjie llyaHKape Kon,HKjiy rj s E H [IS \Ljl). 
06o3HaHHM nepea 

(139) 
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MHoroo6pa3He caMonepeceneHHa norpyjKeHna gjy^. Onpeflejieno OTo6pa>Ke- 
HHe 

CQa(BQa,L, : L^;^ ^ K{Qa ® Qa, 1) 

KaK orpaHH^eHHe OToGpajKenHa p20p na no;],MHoroo6pa3He (11391) . 

KaHOHHHecKoe 2-jiHCTHoe naKpbiBaiomee L^" MHorooGpaaneM p39p 

ecTecTBGHHO norpy>KeHO b Hcxo^noe MHorooGpaane N'^' 2^ h ero (|)yH- 
flaMeHTajibHbiH ii;hkji npe;i;cTaBJiaeT (no Teopeivie FepGepTa) roMOJiorn- 

^eCKHH KJiaCC, flBOHCTBeHHblH B CMblCJIG llyaHKape KOn,HKJiy 77 32 g 

H^^iyN^ 2^;Z/2). YpaBHeHHe ( l4Tll 3KBHBajieHTH0 cjie^yiomeMy: 



0z/2%i(^) = (C^l;[^^])- (140) 

ypaBHeHHe ( l43l) SKBHBajieHTHO cjie^yiomeMy: 

e»z/2[5i = fe[A^M]), (141) 

rfle MHorooSpaane iV;,,?? h OToSpajKenne fib,Nr, '■ ^b,Tj -^(Jfo? 1) onpe^ejie- 
Hbi KaK 8-jiHCTHoe HaKpbiBaiomee na^ MHoroo6pa3HeM N'^" h OTo5pa>KeHHeM 

^Q.©i.,7V, :^."'^^(Qa©ia,l). 

/Jjifl flOKaaaTejibCTBa TeopeMbi ocTajiocb aaivieTHTb, hto npabbie nacTH 
paBGHCTB (I140p (I14ip paBHbi. 3to ;i;oKa3aHO b cjie^yiomeH JIgmmg. Teopeivia 
18 flOKaaana. 

JleMMa 27. Kagccu somoaozuu 

ChMlLh] e H^XK{3b, 1); Z/2), (142) 

VbAiNb,^]) e HnXKiJb, 1); Z/2) (143) 
HoTpeSyeTCfl JieMMa, anajiorHHHaa JIgmmg 22. 

Onpe^ejiHM xapaKTepncTH^ecKHe Kjiaccbi, anajiorHnHbie (I127p . (I13ip . 
/Jjia aa^aHHoro naTypajibHoro r, r = —2 (mod 16) onpe^ejiHM ceMeii- 
CTBO opneHTHpoBaHHbix MHorooSpaanfi R]^ = S^^'"^^"^^^ / Qa x < 

i < 2r < n — HlzIIs. _ (\Sxii{Y' ■ ) — 8. B KanecTBe OToGpajKenna 

^Qa©io i? ■ ~^ ^Qo©ia Bbi5epeM nponaBOJibHoe CTaH^iapTHoe OTo5pa>KeHHe, 
onpeflejieHHoe KaK flCKapTOBO npoHaBe^eHHe noKOop;i;HHaTHbix BJiojKeHHHH 
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^Q.®i. ^'"^(Qa©ia,l), (144) 
npH HeKOTOpblX npOH3BOJIbHbIX 3Ha^eHHflX i, j , < i < < j < j'^ax- 

Onpe;],ejieHO OTo5pa>KeHHe : R^^ M", KaK peayjibTaT p^e^opua- 
n,HH oSmero nojio>KeHHfl OToSpajKenHH (iy/ . o ?7Q^^i^ ^. Onpe^ejieHO opH- 

GHTHpoBaHHoe MHoroo5pa3He c oco5eHHOCT5iMH c KpaeM T^^~"^ paSMepHOCTH 
dim(T) = 4r — n, KaK MHorooSpaane caMonepeceneHHa OToSpajKenHa g^. 

MnOrOoGpaSHe C 0C06eHH0CTflMH J'^r-n (.j^yjj^jjrj, KaHOHH^eCKHM 2-JIHCTHbIM 

pasBeTBjieHHbiM naKpbiBaiomHM na^ MHorooSpasHeM T'^^~"'. MnorooSpasHe 
c ocoSeHHOCTJiMH T^^"*^ norpyjKeHO b MHorooGpaane R^^ , nosTOMy npeflejien 
KJiacc roMOJiorHH 

Cb,TA[Tb] e H,r-niK{J,, 1); Z/2), (145) 

oSoSmaiomHH KJiacc roMOJiornH (11421) . 
Onpeflejien Kjiacc roMOJiorHii 

VbMlTb]) e H^r-niKiJh, 1); z/2), (146) 
o5o6maiomHH KJiacc roMOJiorHH (11431) . 

JleMMa 28. 06o3HaHUM o6pa3 (l^yHdaMeHmaAbHoso KJiacca 

^Q.©i„A,*([^^]) e H2r{K{la © t,, 1); Z) ^6^63 (2r - 162 + 1 X 16? - 1). 

-1. JH^AM KAacca soMOAOsuu (2r — 16i + 1 x 16i — 1) G Hr{K{Cla®ia, 1); Z), 
sadaHHOso omo6paotceHueM KAacc zomoaozuu Aeotcavnuil e moil 

Mce spynne, paeen (4r — 32i + 2 — | x 32z + 2 — ^), ecAU o6a hucaq e cko6- 
Kax cmpozo noAOMCumeAbHue, u paeen uyAW, ecAU xomsi6u odno U3 hucea 
ompuv^ameAbHO. 

-2. XapaKmepucmuHecKuu KAacc ^Ij^ , o6o6ui,a'K)VJ,uu KAacc i \14S^ d-^^ 



opuenmupoeaHHUx MH020o6pa3uu c oco6eHHOcmHMU npu 2r = n—'^^^, coe- 
nadaem c KAaccoM o6o6maK)ui,uu xapaKmepucmunecKuu KAacc ^IjS^ . 

/I,OKa3aTejii>CTBO JleMMbi 28 

^OKaaaTCJibCTBO anajiornHHO flOKaaaTCJibCTBy JIcmm 23,24. 



/^OKaaaTejibCTBO JleMMbi 27 

PaccMOTpHM MHoroo6pa3He fll38p h nepeo6o3HaHHM ero ^epea 

^[5] ' ■ (147) 
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MHoroo6pa3He (11471) CHa6:a<:eH0 OTo6pa:a<:eHHeM 



_ ,l.— ,LS 

^Q.ei.,[5] : ^[5] ' -i^(Qa©Ia,l). (148) 

MHoroo6pa3He 0147p c TO^nocTbio HopMajibHoro KoSop^HSMa coBna- 
flaeT c MHoroo6pa3HeM L" 2^ h3 Teopeivibi 17, T.e. aBJiaeTca 
ocHaineHHbiM MHoroo6pa3HeM caMonepeceneHHa Z/2l^]-ocHaiii;eHHoro norpy- 
jKGHHa ((/i, t^at), rfle MHoroo6pa3He A^" ^ onpe;i;ejieHO b ycjiOBHH Teo- 

peMbi 17. nepeo6o3HaHHM MHorooSpasne A^" ~ nepes A^j^j " . 
IlpHMeHHM JleMMy 28 k roMOJiorHnecKOMy Kjiaccy 

^Q.eL,A^,r ^[5] ' - ^iei. ^ ^(Q'^ ® I- 1) (149) 
H Bbi^HCJiHM Kjiacc TOMOJiorHH (11341) . Kjiacc roMOJiorHH (11341) yflOBjieTBopaeT 

yCJIOBHHM JleMMbI 24, 5bITb MOJKeT, C TOHHOCTbK) ^1,0 npHSaBJIGHHa HGTHOrO 

roMOJiorH^ecKoro Kjiacca. HocKOJibKy Kjiaccbi roMOJiorHH (I145p . (I146p Jie- 
>KaT B rpynne, b KOTopoli neTHbiH sjieMeHT paben nyjiio. He orpannnHBaa 
oSmHOCTH, MOJKHO npe^nojiojKHTb, HTO roMOJiorHHecKHH KJiacc (I149P onpe- 
flejiaeTca jinneHHOH K0M5HHaii;HeH CTaH;i;apTHbix oSpasyioinHx, onncaHHbix b 
JleMMe 28. JleMMa 27 ^OKasana. 

8 TeopeMa o peTpaKii,HH 

Mbi ^OKajKCM cjie^yiomyio leopeMy o peTpaKn,HH, KOTopaa Hcnojib30Bajiacb 
b (J)opMyjiHpoBKe TeopeMbi 6. 

TeopeMa 29. TeopeMa o pempaKv^uu. /Jam npouseoAbuoso HamypaAtHoso d 
cyvj,ecmeyem uamypaAbHoe I = 1(d) maKoe, nmo npouseoAbHuu aAeMenm e 
zpynne Ko6opdu3Ma Imm'^^ {2^ — 3, 1), npu V > I, donycKaem pempaKnuio 
nopndKa d — 1 (cm. OnpedeAeuue 5). 

SaMeMaHHe 

Heo6xoflHMoe h ;i;ocTaTOHHoe ycjiobne cymecTBOBaHHa peTpaKii;HH nepe(J)op- 
MyjiHpoBaHO HHJKe B CjieflCTBHH 34. 3to no3BOJiaeT nepe4)opMyjiHpoBaTb 
TeopeMy 29 6e3 HcnojibsoBanHa nonaTHa peTpaKn,HH b cjie^yiomeH (|)opMe. 
/Jjia npoH3BOJibHoro naTypajibHoro d cymecTByeT naTypajibnoe I = 1(d) Ta- 
Koe, HTO npH /' > / roMOMop4)H3M Jfjr : /mm*-^(2' — 3, 1) — /mm*-^((i, 2' — 
2 — d) paBGH HyjiK). 
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riycTb M"~'^-3a]viKHyToe (n — /c)-]viepHoe MHorooSpaane, norpyaceHHoe b 
c KopasMepHOCTbK) k co CKomeHHbiM ocnameHHeM Sjv^ (xapaKTepncTH- 
MecKHH Kjiacc 3Toro CKomeHHoro ocnameHHa o6o3HaHeH nepea km)- Ilpefl- 
nojio>KHM, KpoMe Toro, HTO MHorooSpaane M^~^ CHa6>KeH0 ceMeiicTBOM 1- 
KoroMOJiorH^ecKHx KjiaccoB Am = {«m, Ki, . . . , Kj}, KOTopbie npe^CTaBjienbi 
OToSpajKeHHJiMH Km, i^i '■ M'^~^ — > ]RP°°, i = 06o3HaHHM naSop 

Ki, . . . ,K,j Hepe3 A'j^. 

Onpe^ejieHHe 30. Onpe^iejinM rpynny Ko6op;iH3Ma Imnf^''^^'-''^^{n — k; k). 
HpeflCTaBHTejieM 3toh rpynnbi aBJiaiOTca TpoiiKH (M"^^, S^, ^m), r^e 
M^'-'^-aaMKHyToe n — /c-Mepnoe MHoroo6pa3He co CKomeHHbiM ocnameHH- 
eM, CHa6jKeHHoe ccMeiiCTBOM l-KoroMOJiorHHCCKHx KjiaccoB Am- OTHomenHe 
Ko6op/iH3Ma aBjiaeTca CTaH/tapTHbiM OTHomenHeM SKBHBajieHTHOCTH na mho- 
jKecTBe npe^CTaBHTCJieH, KOTopoe coxpanacT onncaHHyio flonojiHHTejibHyio 
CTpyKTypy. 

B cjiynae j = rpynna coBna^aeT c rpynnoH CKomenHO-ocHameHHbix no- 
rpyjKeiiiibix MnorooGpasHii Imm^^ [n — k, k). Ecjth npe^nojiojKHTb, hto Km = 
0, npHMBM anajiorHHHoe ycjiOBne BbiHOJineHO h /i,jia Ko6opflH3Ma, 3a/i,aioin,ero 
OTHomcHHe 3KBHBajieHTH0CTH Hpe^CTaBHTCJieH, TO HOJiyHHM rpyHHy ocna- 

meHHblX Ko6opflH3MOB MHOrOo6pa3HH, CHa6jKeHHbIX CCMeiiCTBOM KOrOMOJIO- 

rnnecKHx KjiaccoB A'^^. 3Ta rpynna o6o3nanaeTca nepea Imm-^^''^^'-''^^ {n — 
k,k). Ho KOHCTpyKn;HH IloHTparHna-TOMa rpynna Imm^'^''^^''"'^^ {n — k,k) 
H30Mop(|)Ha npaMOH cyiviMC nji_fc(]^^. MP°°) © Tln-k, r;i;e nepnoe cjiaraeivioe 

aBjiacTca CTa6HjibH0H roMOTonHMecKoii rpynnoii npocTpancTna 11^=1 -^^r^) ^ 
BTopoe cjiaracMoe aBjiacTca (n— A;)-oh CTa6HjibH0H roMOTonnHecKoii rpynnoii 
c4)ep n„_fe. 

Onpe^ejien ecTecTBennbiii (TaBTajiornnecKHn) roMOMop4)H3M 

5 : Immf'"''^^'-''^'{n - k,k) ^ Imm^^''^^'-''^' {n - k,k), (150) 

npn 3T0M KoroMOJTornnecKHH KJiacc km na6opa Am onpe^ejiacTca nyjiCBbiM. 
Onpe^ejien ^pyron ecTecTBennbin ro]viOMop4)H3M 

J'' : Imm'^'^"'^-'"^ {n - 1, 1) ^ Imm'^'^"'--'''^ {n -k,k), (151) 

nocpeflCTBOM nepexo^a ot tpohkh {Mq~^ jEm^^, Amq) , npeflCTanjiaionieu sjre- 
McnT B ncxoflnoH rpynne Imm^^''^^'^^^''^^ {n — 1, 1), k iponKe {M"'~^, Em, Am), 
rfle noflMnoroo6pa3He M"~'^ C Mq~^ flBoncTBcnno b cmbicjic HyanKape 
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KoroMOJiorHHecKOMy KJiaccy n'^^ e H^~^[Mq]'L/2), CKomeHHoe ocname- 
HHe Sjvf onpe^ejiaeTca CTan^apTHbiM cnoco6oM, a Ha6op KoroMOJiorHne- 
CKHx KjiaccoB Am nojiyMen orpanHHenHeM Ha6opa Amq na noflMHoroo6pa3He 

OnnmeM roMOMop4)H3M TpaHc4)epa rj : Juim'^^'''^^''''''^^ [n — k,k) 
/mm*'^''*^"'''*^-! (n — fc, k) OTHOCHTejibHO KoroMOJiorHnecKoro Kjiacca Kj. HycTb 
a e Juiijisf'i^i'->'^3(^ii — j^^j^"^ - npoH3BOJibHbiM sjieMGHT, npeflCTaBJieHHbiH 

TpOHKOH (M""'^, Sjvf, Ajvf). PaCCMOTpHM ^ByjIHCTHOe HaKpblTHe : M^~^ — > 

M""*^, pj — Kj + KM- Hhjkb Mepe3 pj mm 6yfleM laKxe o6o3HaHaTb jiHHeiiHoe 
paccjioeHHe, cooTBeTCTByiomee xapaKTepncTHHecKOMy KJiaccy pj. OnnmeM 
CKomeHHoe ocHaineHHe S^^ na^ Mj. PaccMOTpHM norpyxeHHe (p : M""'^ R-^ 
M" Kopa3MepHOCTH k, KJiacc peryjiapnoH roMOTonnn KOToporo onpe;i;ejieH 
CKomeHHbiM ocHameHHeM Sm- 06o3HaHHM Mepe3 i^m HopMajibHoe paccjioenHe 
K ip. Hafl flByjiHCTHOM HaKpbiBaiomeM Mj onpeflejieno HopMajibHoe paccjioe- 
HHe Uj^^ norpyjKeHHa ip, HHflyn,HpoBaHHoe h3 um npn npoeKn,HH pg. Onpefle- 

jiHM CKomeHHoe ocnameHHe S HopMajibHoro paccjioeHHH i/^g. KaK ocnameHHe, 
HHflyn,HpoBaHHoe h3 CKomeHHoro ocnameHHa S na cjioh flByjiHCTHoro naKpbi- 
THa. 

MHoroo6pa3He Mj CHa6>KeH0 Ha6opoM KoroMOJiorHnecKHx KJiaccoB 
Aj^, — {k£j,, ki, . . . , kj-i}, HHflyii;HpoBaHHbix h3 3a^aHHoro Ha6opa ko- 
roMOJiorHMecKHx KjiaccoB c 6a3bi M'^~^ npn noMomn naKpbiTHa pj. Ho- 
CTpoeHHoe CKomeHHO-ocHaineHHoe MHoroo6pa3He Mj c yKa3aHHbiM Ha6o- 
poM KJiaccoB KoroMOJiorHH npeflCTaBJiaeT sjieMei-iT b rpynne Ko6op;iH3Ma 
Imm^^''^'^"-''^i-^{n — k,k), KOTopbifi onpe^ejiaeT o6pa3 HCxo;i;Horo sjieivieHTa. 

IlpHMep 31. ripeflnojiojKHM, hto j = 0. Tor;i;a roMOMop4)H3M TpaHc4)epa 
ri : Imm^^ {n — k,k) —>■ Imm^^{n — k, k) H3yHeH b [A-E]. 

06o3HaHHM Hepe3 

rji+i,... j2 : Imm^^''^^' -''^^^ {n -k,k) ^ Imm^^''''^'-''^^i {n - k, k) (152) 

KOMno3HiiHTO nocjie;i;oBaTejibHbix Tpanccj^epoB OTHOCHTejibHO Ha6opa Koro- 
MOJiorHHecKHx KJiaccoB Am = {nj^ + Ij.-.jKjj}, < ji < j2- Bojiee no- 
flpo6HO, 3T0 03HaHaeT, HTO nepBbiH roMOMopc|)H3M TpaHc4)epa 6epeM otho- 
CHTejibHO Kjiacca Kj^ e if^(M"'~'^; Z/2), ^ajiee BTopoii - OTHOCHTejibHO Kjiac- 

Ccl /^j2 — 1 

KOTopbiH nojiyMen HHflyn,HpoBaHHeM Hj^-i na 
flByjiHCTHoe HaKpbiBaioinee MJ~^ naKpbiTHa pj^ h t.^. HeTpy^no flOKa3aTb, 
WTO pe3yjibTaT npHMeneHHa roMOMop4)H3Ma ?"ji+i,...j2 saBHCHT ot cnoco6a 
ynopaflOHHBaHHa KoroMOJiorH^ecKHx KjiaccoB BHyTpn Ha6opa c HHfleKcaMH 
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ji + 1, . . . , j2- B cjiynae ji = 0, ro]vio]viop4)H3]vi TpaHc4)epa ri^ . jj CTpoHTca 
OTHOCHTejibHO Ha6opa KoroMOJiorHnecKHx KJiaccoB HaaoBeM TaKofi ro- 
MOMopc|)H3MOM roMOMopc|)H3MOM nojiHoro TpaHcc|)epa H o6o3HaHHM ero Mepe3 
Ttot- roMOMop(J)H3M nojTHoro TpaHC(|)epa MOJKHO cpasy onpe^ejiHTb npn no- 
MOTTiH nepexo,T,a k 2''^-.rrHCTH0My HaKpMTHio MJ^ot^ ~^ M^~^ co CTpyKTypnoii 
rpynnoH 7^/2^'^ npn noMOinH roMO]viop(|)H3Ma 

®i(«iv + «i) : H\M''-^- Z/2) ^ Z/2^^ 1 < i < j^. 

HaKpbiBaiomee MHorooSpasHe Mlot'^ b 3toh KOHCTpyKii;HH mojkho onpe- 
flejiHTb KaK TOTajibHoe npocTpancTBO Z-'-naKpbiTHa npn noMOinH ^pyroro 
ynopjiflOHeHHoro Ha6opa xapaKTepHCTHHecKHx KjiaccoB. IloMeHfleM MecTaMH 
Kjiacc Km c npoH3BOJibHbiM KjiaccoM Ki H onpe^ejiHM naKpbiTHe, onHcan- 
HbiM Bbime cnoco6oM. PesyjibTaT ne HSMGHHTca. 3to cjie^yeT h3 Toro, hto 
BO-nepBbix, pesyjibTax npHMeneHHa TpaHc4)epa ne 3aBHCHT ot Toro, KaKHM 
cnoco6oM ynopaflOHen Ha6op KJiaccoB KoroMOJiorHii, OTHOCHTejibHO KOTopbix 
CTpoHTca TpaHc4)ep. Bo-BTopbix, Ha HaKpbiBaioineM npocTpancTBe M^~^ na^ 

j\^n—k OTHOCHTejibHO KOTOMOJIOrHHeCKOrO KJiaCCa Kj + Km HHflyn,HpOBaHHbie 

Kjiaccbi Ki,KM G i?^(M"~*^; z/2) 0Ka3biBaK)Tca pasHbiMH. 

npefljio:aceHHe 32. ^yt^ jik>6o20 namypaAbHoso Hemnoso uucAa k, k — 
0{mod2), 2'-~2 = n>k>0, cym,ecmeyem maKoe namypaAbHoe hucao 
ip, aaeuc^mee moAhKO om k, umo zoMOMop(pu3M uoahozo mpanc^epa 

Ttot ■ /mm*-^''*i'-''**(n -k,k) ^ Imrrf^{n - k, k) (153) 

mpueuaAhHuu. 

/^OKaaaTejibCTBO npe^jio:aceHHH 32 

Onpe;i;ejiHM nocjie^OBaTejibHOCTb HaxypajibHbix hhcgji . . . , Si, no ySbi- 

BaHHK) HH^eKCOB 01 Tl — k Jift 1 : 

Sn-k^ ord{Iin-k), Sn-k-1^ ordlin-k-i), Si^ord{Ili). 

3flecb Hepe3 ord(Ili) o6o3HaHeHa cxeneHb HHCJia 2, KOTopaa paBHa nopa^- 
Ky 2-KOMHOHeHTbi i-ofL CTa6HjibH0H roMOTOHHHecKoii rpyHHbi c4)ep. /l^ajiee 
onpeflejiHM = Y^jZi HaKonen,, hckomog hhcjio ip = + a + 1, 

rfle a = ord(Imm-^^''^^''"''^'i''-^^ {n — k,k)). TaKHM o6pa30M ip > > ip{2) > 
• • • > ip{n — k). 

HycTb 3aflaH 3JieMeHT a e I■mm^f''^^'^^^''^*{n — k,k), npeflCTaBJieHHbifi 
TpoHKOH (M"~'^, Sm, ^m)- PaccMOTpHM 3JieMeHT r^(a) , npeflCTaBJieHHbiH 
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TpoHKoii (M"^^, S^, Aj^;^), nojiyHeHHbiH npHMeneHHeM TpaHC(J)epa othoch- 
TejibHO KJiaccoB KoroMOJiorHH c HOMepaMH ^(1) + 1, . . . , ^Z'. /^OKajKeM, hto 
3T0T sjieMGHT flonycKaGT peTpaKn,Hio nopaflKa 0. 

PaccMOTpHM npoHSBe^eHHe MP[f x J^-"]''*--'^ MP°°(i), KOTopoe oSoanaHHM 
^epea X^ip^j)) m paccMOTpHM OTo6pa>KeHHe A : M"~'^ — ^ X{tp{l)), noKOop- 
flHHaTHO onpe^ejieHHoe naSopoM Am KoroMOJiorHnecKHx KJiaccoB, aa hckjiio- 
HGHHeM KJiaccoB + 1, . . . , K^. nepeo5o3HaHHM npocTpancTBO X^ip^l)) 
fljia KpaTKOCTH nepea X. PaccMOTpHM ecTecTBenHyio (J)HjibTpan,Hio 

. . . ^ Xin-k+l) ^ ^(n-k) ^ . . . ^ X(^) C X, (154) 

KOTopaa onpe^ejiena KaK npoHSBe^eHHe CTan^apTHbix (J)HjibTpan,HH no Ka>K- 
flOH Koop^HHaTe. KajK^biii CTpaT Xii)\X^'+^\ i = l,...n-k, pacna^aeTCfl 
B oG'beflHHeHHe OTKpbiTbix KjieTOK KopasMepnocTH i. Kjigtkh onpe^ejiHiOTca 
MyjibTHHH;i;eKcaMH n = (mi, . . . ,m^(^n~k)), + ■ ■ ■ + rriipin-k) = ^, ""^i > 0, 
yKaabiBaioinHMH KopaaiviepHOCTb MHHHMajibHoro ocTOBa cooTBeTCTByioinero 
KOopflHHaTHoro npoeKTHBHoro npocTpancTBa, b KOTopoM coflepjKHTca ;i;aH- 
nafl KjieTKa. 

npeflnojio>KHM, ^TO OTo6pa>KeHHe A naxo^HTCfl b o5meM nojioJKenHH no 
OTHomeHHK) K (|)HJibTpan;HH (11541) . OSoanaHKM nepea L° C M"-~^- O-Mepnoe 
noflMHorooSpaane, onpe;i;ejieHHoe KaK npooSpaa CTpaTa X""'^ (J)HJibTpan;HH 
KopasMepHOCTH {n — k) = dim(M"~'^). 

PaccMOTpHM 2'^~'^*^^)-jiHCTnoe naKpbiTne p : M^~^ — » M"~'^, Hnflyn,H- 
ponannoe naSopoM KoroMOJiornnecKHx KjiaccoB Km + • • • ' '^i^- 

Ha MHoroo5pa3HH M"~*^ onpe;i;ejieHO CKomcHHoe ocHani;eHHe h naSop 
KoroMOJiornnecKHx KJiaccoB A^^ = Kj^, . . . , k^(i)), HH;i;yn;HpoBaHHbiH h3 no^i;- 
na6opa Am,i = {km, ■ ■ ■ '^?/)(i)) naGopa Am na naKpbinaiomee MnorooSpaane 
M naKpbiTHH p : M""'^ M""'^. PaccMOTpnM Tponxy {M"-~^, Ej^,Aj^). 3Ta 
TpoHKa npeflCTaBJiacT TpaHC(|)ep tpohkh (M"~'^, Sm, Am) OTHOCHTCJibHO na- 
6opa KoroMOJiornnecKHx KJiaccoB . . . ,k^. ^OKaxccM, hto STa TpoiiKa 

(M"~'^, Sjy^, Aj^^) B Kjiacce nopMajibnoro KoSop^nsMa ^onycKacT OToSpaace- 
nne A : M"~'^ X, onpe^ejiennoe naSopoM xapaKTepncTHnecKHx KjiaccoB 
Aj^, fljia KOToporo npooSpaa Af ^(X*^""'^)) aBJiacTca nycTbiM. 

Ho npeflnojiojKeHHK) k hctho. Cjie^OBaTejibHO, nocKOJibKy n hctho, mho- 
rooGpaane M"~^ abjiacTca opnenTHponannbiM. 06o3na^HM n,ejio^HCJiennbiH 
K03(J)4)Hn,HenT nepecenenna oGpaaa X{M^~^) c opnenTHpoBannon kjictkoh 
H3 X^"^"^) \ x*^"~'^"^^^ noMcpa /i ^epea Ik^jj). Anajiorn^no onpe^ejien TaK>Ke 
n;ejiOHHCJieHHbiH naSop {//c(/i)} jiflu OToGpajKCHna A. Ohcbh^^ho, hto Ha6op 
{/A;(/i)} nojiynen h3 naSopa {/fc(/i)} yMHOJKeHneM na 2'^~^'^^\ 

PaccMOTpHM flByjiHCTHoe HaKpbiTHC p : M^~^ — > M"~'^, HH;i;yn;HpoBaH- 

noe KjiaccoM KoroMOJiornn km h paccMOTpnM KOMno3Hn,Hio A : M^~^ 
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^n-k — ^ MnorooSpasHe M"~*^ asjiaeTCfl ocnamenHbiM. 06o3Ha^HM ^e- 
pe3 ^jQ^ 3Toro MHoroo6pa3Hfl, HHflyn,HpoBaHHoe h3 CKomenHoro ocnameHHa 
npH HaKpbiTHH p. 06o3HaHHM Hepe3 Aj^ Ha6op KoroMOJiorHnecKHx KJiac- 
coB {k^, Ki, . . . , Hii;iyii,HpoBaiinbix ria 2-jiHCTHoe HaKpbiBaiomee M^~^ 

npn iiaKpbiTHH p. TpoiiKa (M"^'^, ^^A^) onpe;i;ejT5ieT sjieMeiiT h3 rpynnbi 
Imm^^"''^'^''^'i'W(^n — k,k). Ho onpeflejienHio nop5i;i;oK paccMaTpHBaeMoii rpyn- 
nbi paBen ^ — — 1. CjieflOBaTejibno, ijj — — 1 3K3eMnjiapoB tpohkh 
(M""*^, Sjg, Ajg) HopMajibHO orpaHHMHBaiOT. 

PaccMOTpHM OTo6pajKeHHe A : M"~*^ — > X. Ha6op K03(J)(J)Hn,HeHT0B 
{lk{\)} nepece^enna o6pa3a (J)yH;i;aMeHTajibHoro Kjracca \^{[M"-~^]) c kjigt- 
KaMH npocTpancTBa X^^'^ \X^''~^^^ paBen y^BoennoMy naSopy Ik^jj), Bbinnc- 
jiennoMy no OToSpajKennio A. 

PaccMOTpHM TpoHKy (2^^) (— M""'^, — ^A^, ^m), KOTopaa onpeflejiena b pe- 
3yjibTaTe /i,H3'biOHKTHoro o6'be,T,HHeHHa 2*^, {a — if) — '0(1) ~ 1) 3K3eMnjiapoB 
TpoHKH {—M'^~^,~^j^,Aj^j). S/iecb ocHanieHHe 3aMeHeH0 na oSpaTHoe 
—'^M nyxeivi H3MeHeHHa opHenTauHH nepBoro Gasncnoro BCKTopa ocnan^enna 
(b nacTHOCTH, opHeHTan;Ha MHoroo6pa3Ha M npn stom TaKJKe jvienaeTca). 
Ha6op K03c|)c|)Hn,HeHT0B nepeceHenna fljia OTo6pa>KeHHa 2^A, nocTpoennoro 
no Ha6opy KoroMOJiornMecKHx KjiaccoB (2'^)Aj(^, o6o3HaHHM Hepe3 lk{^). 

PaccMOTpHM TpoHKy (M"*~'^, S^, , Ajy;^, ) , KOTopaa onpeflCJiena 
KaK ;];H3T5iOHKTHoe o6T5e;i;HHeHHe tpohkh (M"~^, S^^^, Aj^;^) c TpOHKOii 
(2'^)(Af"^^, — ^fjY, 74jy). HoBaa TpoiiKa npe^CTaBJiaeT tot jkg sjieMenT b 
rpynne /mm*'^''*^'"'''**^!) (fc, n — /c), hto h ncxo^naa TpoHKa (M""'^, S^, A^,^). 
Onpe^ejieno OTo6pa>KeHHe A' : M'^ — > X. Hpn 3tom Ha6op K03c|)c|)Hn;HeHT0B 
lk'(iJ,), nocTpoennbiii fljia hoboh tpohkh, paBCH nyjiro, nocKOJibKy Ha6opbi 
{{2'^)lk{ii)} , {lk{ii)} OTjiHHaroTca 3HaK0M. 

Onpe;i;ejieHa HopMajibHaa nepecTpoHKa tpohkh (M'"~'^, S^^,, A^,) no ce- 
MGHCTBy py^eK nnfleKca 1 npn KOTopoii A'~^(X*^"^~*^)) = 0. HanajibnbiH 3Tan 

HH^yKTHBHOH KOHCTpyKn;HH OHpe^^ejiCH. 

nepeo6o3HaHHM ipoiiKy (M'""'^, Sm', ^m') cnoBa Hepe3 (M"~'^, Em, Am)- 
OTo6pajKeHHe, nocTpoennoe no naSopy KoroMOJiornHCCKHx KjiaccoB Am o6o- 
3HaMHM CHOBa Hepes A : M"^'^' X. Ho nocTpoenHio A^-'^(X*^"^'^^) = 
0. HpHMenHM K paccMaTpHBaeMOMy BJieMenTy roMOMop(J)H3M TpanccJ)epa 
^«;*(2)+iv,K^(i)- pe3yjibTaTe nojiynnM TpoHKy, o6o3HaHaeMyK) ^Jia KpaTKOCTH 
cnona Hepe3 {M"-~'',Ej^,Aj^). 

MHoroo6pa3He M^~^ onpe^ejieno KaK naKpbiBaioniee npocTpancTBO 
2^*(i)-V'(2)_jj0(,r[,jjQpQ HaKpbiTHa p : M'^~^ — > M'^~^ OTHOCHTCJibno KJiaccoB 
KoroMOJiorHH (k,/,(2)+i , ■ ■ ■ , /^vCi) ) ■ CKomennoe ocnan^enne HHflyn,HpoBa- 
HO H3 ocnamenna Em npn naKpbiTHH p. HaSop KoroMOJiornnecKHx KjiaccoB 
~ {^^Mi ■ ■ ■ 1 ^ii{2)} Ha HaKpbiBaioni;eM MHorooSpasnn M"'~^ HH;i;yn;HpoBaH 
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H3 HaSopa {km, ■ ■ ■ , ^v(2)) npn HaKpbiTHH p. 

PaccMOTpHM npocTpancTBO X(^(2)), onpeflejieHHoe KaK npoHSBefleHHe 
npoeKTHBHbix npocTpancTB c HH^eKcaMH (0, 1, ... , ^'(2)). Onpe^ejieHO bjio- 
jKGHHe i^(2) : X{ip{2)) C X{tp{l)), cooTBeTCTByiomee yKaaanHOMy naSopy 
Koop;],HHaT. HpocTpaHCTBO X(?/'(2)) caMO CHa6>KeH0 CTpaTH(J)HKan,HeH, koto- 
paa o5o3HaHaeTca nepea 

• ■ ■ C X^im) C X'-\m) C ■ ■ ■ C X{^{2)). (155) 

BjiojKeHHe 2^(2) corjiacoBano co CTpaTH(J)HKaii;H5iMH (11541) . (11551) . 

Ha5op A^j KoroMOJiorHHecKHx KJiaccoB onpeflejiaeT OToSpajKeHne 
A : M"-'^ ^ X{ij{2)). nocKOJibKy X-\X^''-''\ij{l))) = 0, to h 

05o3Ha^HM ^epea C M"~^ o^HOMepnoe no^MHorooGpaane, onpe^e- 
jieHHoe no (J)opMyjie = \~^{X^"'~''~^\^{2))). OrpannHenne kofomojio- 
rnnecKHx KJiaccoB naGopa Aj^ noflMnorooSpaane aBJiaeTca TpnBnajib- 
HbiM. B ^acTHOCTH, 3T0 MHorooSpasHe aBjiaeTca ocnantennbiM. KoMnonen- 
Tbi MHorooSpaana nHfleKcnpoBanbi b cootbgtctbhh c KJieTKaMH CTapmen 
pasMepnocTH npocTpancTBa X^~'^~^{iIj{2)). Hpn btom KOMnonenTa, cootbgt- 
CTByioni;aa (J)HKCHpoBaHHOMy MyjibTHHHfleKcy, pacna;i;aeTca b flnaijiOHKTHoe 
oSTje^HHeHHe 2^^ ocnantennbix KpnBbix (bo3mo>kho, necBflSHbix), KOTopbie 
flH(]3(|)eoMop(|)Hbi Me>Kfly co5oh KaK ocnamenHbie l-Mepnbie MHoroo5pa3HH. 

Onpe^ejieno ocHani;eHHoe 2-MepHoe MnorooSpaane c ocnan^eHHoii 
rpaHHn;eH d^K"^) = (L^). Ocnan^ennoe MnorooSpaane {K'^j'^fx), onpe^e- 
jiaeT o6pa3yioni;yio py^KH ji^Jisi nopMajibnon nepecTpoHKH, npn KOTopon 
Kjiacc Ko6op;],H3Ma TpoHKH (M"~'^, H^, y4^) coxpanaeTca. B peayjibTaie 
HopMajibHoro Ko6opflH3Ma nojiyHHM ^pyryio TpoHKy, oSoanaHaeMyio ^e- 
pe3 {M'"-~'^,Ej^,, Ajy;p). Ha6op KoroMOJiomHecKHx KJiaccoB Aj^^, onpe^ejiaeT 
OToSpaacenne A' : M'"-'^ ^(^(2)) h npn stom A'-1(X("-'=-^)(V'(2))) = 0. 

PaccyjKflaeM no HH;i;yKn;HH n nepexoflnivi k cjie;i;yioni;eMy BTany, npn no- 
Mon],H 2'^^-jiHCTHoro naKpbiTHa OTHOCHTejibno naSopa KjiaccoB kofomojio- 
rnn (k^(3)+i, . . . , k^(2))- HsMenaeM napaivieTp j ot 2 j^o n — k. Ha j'-om 
mare nojiynaeivi xpoHKy {M^~'^,'E:j^j_^,Aj^f^), npn 3tom OToSpajKenne \j : 
]\^n~k _^ X{ilj{j)), nocTpoennoe no naSopy ^m^i yflOBJieTBopaeT ycjiOBnaM: 

A7^(X("-'^-J+i)(^(j))) = 0, a MHorooSpaane A7^(X("-'=-^)(7/;(j))) asjiaeTca 
ocnantennbiM j-MepnbiM MHorooSpaaneM, KOTopoe 0CHam,eHH0 orpannnnBaeT. 

Hepexo^i; k nocjieflyioni;eMy STany ocym;ecTBJiaeTca nocpe^CTBOM ocna- 
m;eHHOH nepecTpoHKH n nepexo^OM k 2'^J-jiHCTHOMy naKpbiTnio OTnocHTejibno 
KjiaccoB KoroMOJiornii . . . , K^(j))- 

Ha saKjiiOHHTejibHOM mare KOHCTpyKn,HH nojiy^HM sjieivieHT rtot{ct) (cm. 
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fll53l) ). KOTopbiH aBJiaeTca rpaHHi^eii b rpynne Imm^^ {n — k,k). npe;i;jiojKe- 
HHe 32 ;i;oKa3aHO. 

OnnmeM nojiHoe ajireSpaH^ecKoe npenaTCTBHe ^Jia nocTpoenHa peipaK- 
ii;hh 3a;i;aHHoro nopa;i;Ka. 

JleMMa 33. UpouaeojibHuu ajieMenm x e zpynne Ko6opdu3Moe 
Jmm'^^''^^''"''^^ {n — k,k) donycKaem pempaKUfUK) nopndKa i, mosda u 
moAhKO mosda, Kosda Jgf{x) G Imm^^''^^'---''^^ {n — k',k') (e npednoAOMcenuu 
i<n — k'<n — k ) donycKaem pempaKUiUW moso otce nopndKa i. 

Cjie^CTBHe 34. /I^ah npouseoAbuoso ajieMenma x G Imm'^^''^^'-''^^ {n — k, k) 
noAHoe nperiJimcmeue k nocmpoeHuw pempaKv^uu nopsidKa q (e npednoAOCHce- 
Huu < q < n — k) onpedeAeno aAeMenmoM J^^'^~^{x) G Imm^-^''^^''''''^^ {q + 
l,n — q — 1). 

/l^jia flOKaaaTejibCTBa JIgmmbi 33 ^OKajKeivi eme o^ny jieMMy. ripe^no- 
jiojKHM, ^To CKomeHHO-ocHameHHoe MHorooSpaane (M"~'^, Sjv/), CHa6>KeH- 
Hoe ceMeiiCTBOM Am = {km, ■ ■ ■ , i^j) KoroMOJiorHnecKHx KJiaccoB, npe^i;- 
CTaBJiaeT ajieivieHT b rpynne ko5op;i;h3mob Imm'^^''^^'^^^''^^ {n — k,k). HycTb 
k'm '■ M""*^ MP"~^~*, i < n — k - peTpaKn;Ha nopaflKa {i — 1) otho- 
CHTejiBHO xapaKTepncTHHecKoro Kjiacca Km CKOinenHoro ocnantenHa Sm- 
PaccMOTpHM no;],MHoroo5pa3He C M"-~^, onpeflejiennoe no 4)opMyjie 

= f^M^ipt),pt G MP'^"*. MnorooSpaane cna6>Keno ecTecTnennbiM ocna- 
ni;eHHeM Sq c nyjieBbiM xapaKTepncTHHecKHM KJiaccoM, nocKOJiBKy no;i;Mno- 
rooSpaane C M^~^ aBJiaeTca ocnani;ennbiM no;i;Mnoroo5pa3HeM n no- 
CKOJiBKy orpannnenne CKomennoro ocnamenna anjiaeTca ocnamenneivi. 

KpoMe Toro, onpe^ejien na6op KoroMOJiornHecKnx KjiaccoB Aq, nojiynennbin 
orpannnenneM KoroMOJiorn^ecKnx KjiaccoB na6opa Am na no^MnorooSpaane 
Qi ]\/[n-k ^ Kjiacc kq = Km\q npn 3tom OKasbiBaeTca TpnBnajibnbiM. Tpon- 
Ka {Q^jSq, Aq) npe;i;cTaBJiaeT sjieivieHT b rpynne ocnani;ennbix Ko6opflH3MOB 
/mm-^^''^^' ' '''^ (i, n — i), KOTopbiii mm oSoana^HM ^epea y. 

JleMMa 35. Tpouna (M"~'^, Sm, ^m), onpedeAMioinaM aAeMenm x e spynne 
Ko6opdu3Ma Jmm'^-^''^i (n — fc, A;) npu ycAoeunx, onucauHux eume, donyc- 
Kaem pempaKv^uw nopndKa i omHocumeAbHO KosoMOAOsunecKoso KAacca Km 
mozda u moAbKO mozda, Kozda aAeMewm y G Imm^^''^^''''''^^ {i,n — i) Aeotcum 
e ndpe soMOMop^usMa 5 : Imm^'^''^^''''''^^{i,n — i) /mm^-^''^^' - '''^ (i, n — i). 

/^OKaaaTejibCTBO JleMMbi 35 

B nanajie flOKa>KeM nojinoTy npenaTCTBna k nocTpoennio peTpaKn,HH. Ho 
ycjiOBHK) fljia sjieMeHTa y G Imm^^''^^''"''^^ {i,n — i) HMeeM 6{y) = 0. PaccMOT- 
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pHM CKomeHHO-ocHaineHHoe MHoroo6pa3He (P*^^, 2p), 5P*+^ = Q*, CHa6jKeH- 
Hoe Ha6opoM KoroMOJiorHnecKHx KJiaccoB Ap, npHHeM orpanHHenHe Ap\q 
coBnaflaeT c Aq. Hoctpohm MHoroo5pa3He T'^~^^ onpeflejienHoe b peayjibia- 
Te nepecTpoHKH MHoroo6pa3Ha M""^ no py^iKe, KOTopaa onHCbiBaeTca HH>Ke. 
PyHKa onpe/iejiena KaK c4jepHHecKaH rpaHHn,a ^ncKOBoro n0/T,0CHameHHfl b 
flHCKOBOM (n — k — i) -uepnoM ocHaineHHH Sp na^ MHorooSpaaneM P*"*"^. L[eH- 
TpajibHoe noflMHorooSpaane pynKH HMeeT paaMepHOCTb (n — k — i), npn 3tom 
pasMepHOCTb caMoii pyMKH coBna^aeT c paaMepnocTbio n — k MHoroo6pa3Ha. 

OnHineM pynxy ncipoSnee. PaccMOipHM no^paccjioenHe b HopMajibHOM 
(ocHameHHOM) paccjioeHHH wdji, P*"*"^, nopo>K;i,eHHoe nepBbiMH [k — i) bckto- 
paMH ocHaineHHa Sp b KajK^OM cjioe h o6o3HaHHM nepea Up no^npocTpan- 
CTBO flHCKOBoro paccjioeHHa, accoii;HHpoBaHHoro c ^annbiM BeKTopnbiM. Hpo- 
CTpaHCTBO Up sBJiaeTca tcjiom paccMaTpHBaeMoii pyHKH. 3to npocTpancTBO 
aBjiaeica CKomeHHO-ocHamenHbiM b KopaaMepnocTH {n — k) MHoroo6pa3HeM 
c KpaeM. 

rpaimua dUp coflepjKHT no;i;]viHoroo6pa3He x jj^-^-i^^ KOTopoe npe^i;- 
CTaBJiaeT ^hckobog paccjioeHne na^ MHoroo6pa3HeM Q^. BTopaa Konna mho- 
roo6pa3Ha x BJioiKeHa b KOMnoneHTy M"~'^ x {1} rpaHHii;bi mho- 

roo6pa3Ha M'^~^ x / h npe^CTaBjiaeT peryjiapnyio flHCKOByio OKpecTHOCTb 
noflMHoroo6pa3Ha x {1} C M^~^ x {1}. OnpeflejiHM MHoroo6pa3He T"~*^ 
no (|)opMyjie 

T^-^ = d+{{M^-' X /) Uq.,^„-.-. Up), 

rfle Hepe3 o5o3HaHeHa KOMnonenTa rpaHHu,bi, cooTBeTCTByK)in;aa nepe- 
CTpoennoH KOMnonenie M"'~^ X {1} rpanHn,bi d{M^~^ x I). 

SaMBTHM, MTO nocjiB CTanflapTnoH onepan,HH "crjiajKHBanna yrjion" 
Mnoroo6pa3He T^~^ CTanonnTca rjia/iKnM (saMKnyTbiM). 3to MnorooSpa- 
3He flonycKaeT KanoHHHecKoe CKomenHoe ociiani;eHHe c xapaKTepncTH- 
necKHM KJiaccoM kt- OcHain;eHHe pa3MepH0CTH k nojiyneno b pe3yjibTaTe 
CKjieiiKH cooTBeTCTByion],Hx CKomennbix ocnain,enHH k pynKe n k Mnoroo6- 
pa3Hio Sm BflOJib o6n],eH nacra Q*. Mnoroo6pa3He T'^~^ cna6jKeno na6opoM 
KoroMOJiornnecKHx KjiaccoB At = {kt, Hi, . . . , Kj} G i7^(T"^~*^; Z/2), Kam- 
flbiii Kjracc h3 SToro naSopa nojiynen b pe3yjibTaTe ckjighkh cooTBeTCTByio- 
in;Hx KoroMOJiorHMecKHx KJiaccoB na MHoroo6pa3HH M"~'^ x / h na pyHKe. 
TpoiiKa (T"-^ Sr, At) npeflCTaBJiaeT KJiacc Ko6opflH3Ma ncxo^Horo 3JieMeH- 
Ta (M""*^, Em, Am) b rpynne Ko6opflH3MOB Imm^^'■'^^'^^^''^^{n — k,k). 

/]^OKa>KeM, HTO Mnoroo6pa3He T'^~^ ^onycKaeT peTpaKn,Hio nopa^xa i ot- 
HOCHTejibHO KoroMOJiorHHecKoro KJiacca kt- /^OKajKeivi, hto stot kofomojio- 
rHHecKHii KJiacc npeflCTaBJien OToSpajKenneM kt '■ T^~^ ^n-k-i-i ^ gpoo 
(KJiaccH4)Hn;Hpyioni;ee OToSpajKenne o6o3HaHaeTca TaKJKe xax h cootbct- 
CTByioin,HH KoroMOJiomnecKHii Kjiacc) . Bbi6epeM naiypajibnoe h flocTaionno 
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SojibniHM, H paccMOTpHM OToSpajKeHHe Km '■ JVP''^^ — > MP'', in^jia KOToporo 
nojiHbiH npoo6pa3 npoeKTHBHoro noflnpocTpancTBa ]Rp''-"+'=+« c. KP'' Kopaa- 
MepHOCTH n — k — i coBnaflaei c noflMHorooSpasHeM Q*. 

PaccMOTpHM OToSpajKeHHe g : P*+^ — > ]]jpf>-"+fc+«^ orpaHH^enne KOTopo- 
ro Ha rpaHHn,y (9P*+^ = coBna/iaeT c OTo6pa>KeHHeM kmIq*- PaccMOTpHM 
OToSpajKeHHe h : Up ^ KP'', KOTopoe onpe;i;ejieHO nocpe;i;cTBOM "yTOJiiii,e- 
HHa"oTo6pa>KeHHa g c P*+^ na C/p, T.e. nocpe^CTBOM pacmnpeHHa OTo6pa- 
jKCHHa gi flo Mopc|)H3Ma flHCKOBoro paccjioeHHa B paccjioeHHe peryjiapnoii 
OKpecTHOCTH noflMHoroo6pa3Ha ]gp''-"+'=+« M^^. SaivieTHM, ^^ito OTo5pa>Ke- 
HHe M"'~'^UQiy^£in-k~iUp — > KP'' KoppeKTHO onpe^ejieno, npn stom orpanH^e- 
HHe 3Toro OTo5pa>KeHHa na no;i;]viHoroo6pa3He T""*^ C M"-~'^ U t/p ne nepece- 
KaeT no^MHoroo5pa3He KP''-"-'=+« c. MP**. HocKOJibKy OTKpbiToe MHoroo6pa- 
3He HP^\MP''~"~'^+* roMOTonHHecKH 3KBHBajieHTH0 MHoroo6pa3Hio KP"-*^-*-!^ 
Tpe6yeMaa peTpaKn,Ha kt nopaflKa i b 3aflaHH0M Kjiacce KoroMOJiorHii no- 
CTpoena. 

/^OKajKeM oSpaTHoe yTBepac^eHHe, a HMeiiiio, ^OKa>KeM, hto gcjih 
CKomeHHO-ocHaineHHoe MHoroo6pa3He T"""*^ ^onycKaeT peTpaKii;Hio nopa^i;- 
Ka i OTHOCHTejibHO xapaKTepHCTHHecKoro KJiacca KoroMOJiorHii CKomeHHoro 
ocnameHHa, to ocnameHHoe MHoroo6pa3He (Q*,^q,Aq), onpeflejienHoe xax 
npoo6pa3 to^kh npn OTo6pa>KeHHH peTpaKiiHH nopa^Ka i — 1, orpanH^HBaeT 
KaK CKomeHHO-ocHameHHoe MHoroo5pa3He b Kopa3MepHOCTH (n—i), T.e. onpe- 
flejiaeT nyjieBofi 3JieMeHT 6{y) b rpynne Ko6opflH3Ma 7mm*-''''*i'" ''*^(i, n — i). 

HycTb {W'^~^'^^,E,w) - CKomeHHO-ocHaineHHoe MHoroo6pa3He c rpann- 
n,eH dW'^~'^'^^ — M"~'^UM"~'^, KOiopoe onpe^ejiaeT HopMajibHbiH Ko5opflH3M 
uemffy CKomeHHO-ocHamenHbiMH MHoroo6pa3HaMH M"~^ h M"^'^. KpoMe to- 
ro, npeflnojioJKHM, ^to MHoroo6pa3He M{*~ flonycKaeT peTpaKn,Hio nopaflKa 
i. OTo6pa>KeHHe peTpaKii;HH mm o6o3HaHHM Hepe3 k']^_^ : M'^'^ — > KP"-fe-»-i 
EcjiH HaTypajibHoe hhcjio b ^ocTaTOHHO BejiHKO (nanpHiviep, h> n — k 
TO OTo6pa>KeHHe F : W^^^^^ — > MP^, ^Jia KOToporo F|^n-fc = km, F\m-i = 
k'm^, T.e. Im{F{M''-^)) C MP"-'^-* C MP^ Jm(F(Mf-^)) C MP"-^-^-^ 
KoppeKTHO onpeflejieno. PaccMOTpHM noflMHoroo6pa3He MP^~'^~*^+* c MP'', 
KOTopoe nepecexaeT noflMHoroo6pa3He MP""*^"' C MP'' (noflMHoroo6pa3He 
]^n-fe-i (- ]gp6 coflepjKHT o6pa3 MHoroo6pa3Ha M"'^^ npn OTo6pa>KeHHH 
Km) no TOHKe pt G MP"~*^~' \ ^^-k-t-i ^ nepeceKaex no;i,MHoroo6pa3He 
^„_fc_i_i ^ ^n-fc-i (noflMHoroo6pa3He MP"-^-*-^ C MP"-'=-^ coflep>KHT 
o6pa3 MHoroo6pa3Ha M"~'^ npH OTo6pa>KeHHH k'^^). 

06o3HaHHM Hepe3 P*"*"^ no^MHoroo6pa3He F~i(MP''~"'+'^+*). Eo nocxpoe- 
HHK) dP^'^^ — Q^. Onpe^ejiHM CKomenHoe ocnameHne Sp pa3MepH0CTH (n—i) 
KaK npaMyio cyMMy ocHameHHH no^MHoroo6pa3Ha P*+^ c 1^""'^+^ h ocna- 
meHHa Svi/. KOTopoe HOJiy^aeTca b pe3yjibTaTe orpanHMenHa 0CHain,eHHa c 
lyn-fc+i jjg^ noflMHoroo5pa3He P*+^ C W^~'''^^. 
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SaivieTHM, HTO orpaHHHeHHe ocnameHHa E\y na dW"'~'^'^^ — Q""^ coBna- 
flaeT c ocHameHHeM Sq. AnajiornHHoe yTBep^K^eHHe cnpaBe^jiHBO ^Jia ce- 
MeiiCTBa Kon,HKjiOB Ap — {kp, Ki, . . . , Kj}, nojiyneHHbix b peayjibTaie orpa- 
HH^ieHHH ceMeHCTBa koiihkjtob c W^^^^^ Ha P*"*"^. Cjie^OBaTejibHO, sjieMenT 
y, npe;],CTaBjieHHbiH tpohkoh (Q*, Sq, 74q), jig^kht b flflpe roMOMop(i)H3Ma 5. 
JleMMa 35 ;i;oKa3aHa. 

/^OKasaTejibCTBO JleMMbi 33 

Ho JleMMe 35, npenaTCTBne k peTpaKii,HH nopaflKa i b KJiacce Ko6opflH3Ma 
TpoHKH (M"~'^, Sm, ^m), npeflCTaBjiaromeii aaflanHbiii 3JieMeHT x b rpyn- 
ne Ko6opflH3Ma /mm*'^''^!' ' ''^^ (n — k,k), coBnaflaei (b npeflnojioJKenHH, hto 
peTpaKn,Ha nopa^Ka i — 1 ya<:e nocTpoena) c npenaTCTBHeM k peipaK- 
ii;hh Toro jkg nopaflKa i ;i;jia MHoroo6pa3Ha M"^'^ , KOTopoe aBJiaeTca o5- 
pa30M sjieMGHTa x B rpynne Imm'^f'^''^'^'^^^''^^{n — k',k') npn ro]viOMop(|)H3Me 
J^f : Im.ni^f''^^'-''^^{n — k,k) Imm^^''^^'-''^^ {n — k',k'). Hpn nocipo- 
eHHH nocjieflOBaTejibHOCTH peTpaKn,HH Bce 6ojiee BbicoKoro nopa^Ka 6y- 

flGM CpaBHHBaTb, B COOTBeTCTBHH C JleMMOH 31, Heo6xO/IHMbie H /[OCTaTO^- 

Hbie yc.rroBHa peTpaKiiHH cjie;i;yK)iii,ero nopa;i,Ka ;i,jTa sjieivieHTa h3 hcxo;i;hoh 
rpynnbi Imm'^^'''^^''''''^^ {n — k,k) h fljia o6pa3a sxoro sjieivieHTa b rpynne 
Imm^^''^^'-''^i{n — k',k'). Ha KajK^OM mare KOHCTpyKn;HH o6a npenaTCTBna 
coBnaflaiOT. JleMMa 33 flOKa3aHa. 

flOKa3aTejibCTBa TeopeMw o peTpaKn;HH naM noTpe6yeTca KoncTpyK- 
n;Ha, npHHa;i;jiejKani;aa y.KomopKe (cm.[K]), nojinoro npenaTCTBna k nocTpo- 
ennio nocjioiinoro MonoMop4)H3Ma ;i;Byx BeKTopnbix paccnoennn. 

npeflnojio>KHM, HTO a ^ Q*^, P ^ Q'^ - napa BeKTopnbix paccjioennii na^ 
MHoroo6pa3HeM (BOo6n],e roBopa, aBjiaeica MHoroo6pa3HeM c rpann- 
n,eH) dim{a) = a, dim{P) = b, dim{Q^) — q, npn 3tom npe^nojiaraeTca, 
nTO Bbinojineno 2(6 — a + 1) < q. IlycTb u : a ^ [3 - Mop4)n3M o5ni;ero 
nojiojKenna, o6o3nannM nepe3 E C Q'^ - noflMHoroo6pa3He, onpe^ejiennoe 
(i)opMyjiOH 

E = {x e Q''\ker{u^ : P^) ^ 0}, 

T.e. noflMHoroo6pa3He TO^eK 5a3bi c BbipoiKfleHneM cjioeB npn Mop4)H3Me u. 
SaMeTHM, HTO npn paccMaTpnBaeMbix pa3MepnocTnbix orpannnennax, ^Jia 
Mopc|)H3Ma Ux o6ni;ero nojiojKenna mm HMeeM rk{u^ > a — 1. Kopa3MepnocTb 
noflMHoroo6pa3na E C Q'^ npn stom paBna 6 — a + 1. 

OnnmeM nopMajibHoe paccjioenne k no;],MHoroo6pa3Hio E C Q^- 05o3Ha- 
^HM Hepe3 A : E{\) — > E - jinneHHoe paccjioenne, onpeflejiennoe KaK nojie 
a^ep Mopc|)H3Ma u na^ oco6biM no^Mnoroo6pa3HeM E C Q^. Onpe^ejieno, 
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TGM caMbiM, BKJiiOMeHHe paccjioeHHH e : X G a. 06o3HaMHM nepea Aq, - 
paccjioeHHe na^ S, onpe;i;ejieHHoe KaK opToronajibHoe ^onojineHHe no;i;pac- 
cjioeHHfl e{\) C a. EcTecTBenHbin mop(J)H3m (nocjiOHHbiii mohomop(J)H3m) 
Vx '■ Aa C (3 onpe;],ejieH. PaccjioenHe onpeflejieno KaK paccjioenHe, cjioh 
KOToporo opToronajibHbi na^ TO^KaMH x G S b cjiohx (3x paccjioenHH jS no^- 
npocTpancTBaM VxiA^^). HopMajibHoe paccjioeHne k no;i;MHoroo6pa3Hio 
Ti G Q onpe;i;ejieHO no (|)opMyjie 



B pa6oTe [K2] (b KOTopon npHBOflHTca ccbiJiKa na 6ojiee panHne paSoTbi 
Toro jKe aBTopa) onpe^^ejiaeTca rpynna Ko6op;i;H3Ma BJiojKeHHbix MHoroo6- 
pa3HH Kopa3MepHOCTH b — a + 1, npH^eivi HopiviajibHoe paccjioeHne no;i;MHoro- 
o5pa3HH, npe^CTaBjiHiomero BJieivieHT SToii rpynnbi Ko6opflH3Ma, onpe^ejieHO 
no (|)opMyjie (11561) . yKa3annafl CTpyKTypa nopiviajibnoro paccjioenna coxpa- 
naeTca npn Ko5opfln3Me. ^Jia npoH3BOJibHoro Mop4)n3Ma u : a ^ f3 o6ni;ero 
nojiojKenna onpe^ejiaeTca npe;i;cTaBHTejib, 3aflaioni;nH sjieMenT b onncannoH 
rpynne Ko6opflH3Ma, KOTopbin cjiyjKHT nojinbiM npenaTCTBneM ;i;jia nocTpo- 
enna nocjionnoro MonoMop4)H3Ma yKa3annbix paccjioennii. 

EcjiH Q"? - Mnoroo6pa3He c rpanHn,eH, npnneM Mop(J)n3M paccjioennii, 
3aflannbix na bcgm Q^, onpe^ejien na^ rpanHn,eH dQ, to Mnoroo6pa3He Sg 
KpHTnnecKnx cjiogb nafl rpaHHn;eH cjiyjKHT rpaHHn;eH noflMHoroo5pa3na S C 
Q'^, dTi = TiQ c HopMajibHbiM paccjioenneivi, onpe;i;ejieHHbiM no anajiornHnon 
4)opMyjie. 

HycTb u — s> MP^ ~^ - BCKTopnoe paccjioenne pa3MepH0CTH {n + 1 — 2*^), 
2^^ < n + 2 na^ BemecTBennbiM npoeKTHBHbiM npocTpancTBOM, H30Mop(|)noe 
cyMMe Yhthh (n + 1 — 2^^) 3K3eMnjiapoB Jinnennoro neTpHBHajibnoro paccjio- 
enna Kmp na^ MP2 -1. 05o3HanHM paccjioenne z/ © k Hepe3 u. Onpeflejiena 
ecTecTBennaa npoeKn;Ha tt : u ^ u c aflpoM k. SaivieTHM, hto paccjioenne 
u MP^ ~^ aBjiacTca nopMajibnbiM paccjioenneivi k Mnoroo6pa3Hio MP^ ~^ 
pa3MepnocTH (n — 2'^ + 2). Ho Tcopeivie Kosna [C] CTan^apTnoe npocKTHBHoe 
npocTpancTBO MP^ ~^ norpyjKacTca b eBKJinflOBO npocTpancTBO pa3Mepno- 
CTH 2^=+! -2-k. 

SaMenaHHe 

HTo6bi ocjiaSnTb pa3MepnocTnbie orpannnenna b paMKax flannoro flOKa3a- 
TCJibCTBa, MOJKno BOcnojib30BaTbca Sojiee cnjibnbiM pe3yjibTaT0M o tom, hto 
npocKTnBnoe npocTpancTBO MP^^'C^)-! norpy»caeTca b ]R2b(A:)-i-4A;^ h{k)- 
^HCJio Pa^ona-rypBHn,a, paBnoe cooTBCTCTByionten CTcnenn ^ncjia 2, npn- 
^CM h{k) < 2^. 3to yTBep>K^enHe SKBHBajienTno cyntecTBOBannio ceMencTBa 




(156) 
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(n + 3 — 2^^^ + k) HeaaBHCHMbix ceneHHii paccjioeHHa i^. 



Onpe^ejiHM nonaTHe CTan^apTHoro ceMeiicTBa {n + 3 — 2'^ + k) ceneHHii 
(oco6eHHOCTH ceMeficTBa ceneHHii ^onycKaiOTca) paccjioenHa u. 

Onpe^ejieHHe CTan^apTHoro ceMeftcTBa ceneHHii paccjioeHHH u 

Bbi6epeM neBbipojKfleHHoe ceMeiiCTBO ceHenHH ^ = {ijji, . . . , ■0s}, s — (n+3— 
2fc+i_|_/j~) paccjioeHHa u. PaccMOTpHM ceMeiicTBO ceHenHH o6ii],ero nojioxeHHa 
^ = {il^i, ■ ■ ■ ,0s}, KOTopoe nojTVMeHO b pe3yjTbTaTe npoeKn,HH ceMeiiCTBa ^ 
npn TT : 1/ — > I/. CeMeiiCTBO \I/ naaoBeM CTan^^apTHbiM. 



06o3HaHHM nepea S C MP^ ~^ nofl]viHoroo6pa3He tohgr Sasbi, ^Jia koto- 
pbix CTaHflapTHoe ceMeiicTBO ceneHHii HMeeT oco6eHHOCTH. 06o3HaHHM nepea 
uj: HopMajibHoe paccjioenHe k 3T0My noflMHoroo6pa3Hio. 

JleMMa 36. MHOzoo6pa3ue S C MP^*"^^ HeAHemca k-MepuuM nodMHOzo- 
o6pa3ueM, npuueM ezo HopMaAtuoe paccAoenue u-£ CHa6()tceH0 CKomeHHUM 
ocHavj^eHueM Ss, xapaKmepucmuHecKuu kagcc ky, Komoposo coenadaem c 
ospaMUHCHueM, xapanmepucmuHecKoso KAacca k G i7^(]RP^ ~^;Z/2) na nod- 
MH020o6pa3ue E, = K\^^^2h-i- 

/^OKasaTejibCTBO JleMMbi 36 

BbrmcjTHM iiopMajibHoe paccjioeHne z/^ no Teopeivie KopmopKe. Bojiee Toro, 
onpeflejiHM CKomenHoe ocnameHHe SToro paccjioeHna. HycTb A C ^' - pac- 
cjioeHHe aflep ceMeiicTBa ceMenHii na^ oco6biM noflMHoroo6pa3HeM E. Ho- 
CKOJibKy ceMeiicTBO ceMenHii aBjiaeica CTanflapTHbiM, \ — n^,- PaccjioenHe 
^/A aBJiaexca o6paTribiM k A. C ;i;pyroH CTopoHbi, paccjioeHne z/|s caivio 
oSpainaeT paccjioeime k,s. CjieflOBaTejibHO, opToronajibHoe flonojiHenHe k 
^ /X\t, b paccjioeHHH u aBJiaeica TpHBnajibHbiM paccjioeHHeivi pa3MepH0CTH 
(2^^ — A; — 1). Ho TeopeMe KomopKe paccjioenHe v^, ecTecTBenno h30mop4)ho 
paccjioeHHK) {2^^ — k — l)e®K — {2^ — k — l)K. 3tot h30mopc|)H3m onpe^ejiaeT 
CKomeHHoe ocHaiTieHHe paccjioenna v^, c xapaKTepncTHMecKHM KjiaccoM ks- 
JleMMa 36 ;i;oKa3aHa. 

HycTb Tenepb MHoroo6pa3He Af" HMeeT pasMepnocTb dim{M) = m = 
2^ — 2 M aBjiaeTca CKomeHHO-ocHamenHbiM b Kopa3MepHOCTH n — dim{M), 
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r^e n = —2{mod2'^). PaccMOTpnM OTo6pa>KeHHe km '■ M"^ — >• KP^ 
aa^aHHoe xapaKTepncTHHecKHM KJiaccoM ocHaineHHa MHoroo6pa3Ha M"*. 
HpeflnojiojKHM, mto M"* CHa6jKeH0 Ha6opoM KoroMOJiorHHecKHx KJiaccoB 
Am = {i^'M, 1^1, ■ ■ ■ , Kj}, npH 3T0M onpeflejien 3jieMeHT a £ Imm^^''^'^'-''^^ {2^ — 
2,n-2^ + 2). 

PaccMOTpHM paccjioeHHe v — > KP^ , u = {n — 2^^ + 2)n^ paaiviepHO- 
CTH dim(z/) = 71 — 2^^ + 2. 3aMeTHM, hto HopMajibHoe paccjioenHe vm toh 
>Ke pasMepHOCTH h30mop4)ho o6paTHOMy o6pa3y paccjioenHa P npn OTo6pa- 
JKGHHH Km '■ M"^ — > MP^ um = n\j{y) . PaccMOTpHM OToSpajKeHHe Cm '■ 
M"^ — > MP^ X ni=i^°°5 onpe^ejieHHoe no Ha5opy KjiaccoB KoroMOJiornH 
Am- PaccMOTpHM OTo5pa>KeHHe npocKHHH n : MP^*""^ x 11^=1^°° ~^ MP^'°~^ 
Ha nepBbiii coMHOJKHTejib. KoMno3HLi,Ha tt o / : M*" — > MP^'°^^, oHCEHflHO, 
coBnaflaeT c OTo6pajKeHHeM km- Onpe^ejiHM noflpaccjioeHHe 0m C um ko- 
pa3MepH0CTH 1 (i.e. pa3MepH0CTH n + 1 — 2^^) laKoe, hto 0m = /^mI^)- 

HH;];yn;HpyeM Ha6op ceMenHH Sm = {^i, • • • ,Cs}, s = n + 3 — 2^^+^ + k 
pacc.ioerma 0m h3 CTai-iflapTi-ioro naSopa ceneHHii \1/ = {■0i, ...-03} pacc.rtoe- 
HHa u OTo6pajKeHHeM km- 05o3HaHHM Hepe3 A^*^"^ C M™ noflMHoroo5pa3He 
pa3MepH0CTH [k — 1) oco6bix ceMeiicTB ceMenHii. MHoroo6pa3He N'^~^ CHa6- 
JKBHO Ha6opoM KoroMOJiorHHecKHx KjiaccoB An, nojiyHeHHbiH orpanHMenHeM 
cooTBeTCTByioni,Hx KjiaccoB naSopa 74m na 3to noflMHoroo6pa3He. Hpn 3tom 
KJiacc kmIjv o6o3iiaHaeTca Hepe3 kn- 

HopMajibHoe paccjioenne H30]viop(i)HO cyiviivie Yhthh vn = i^mIn © 
^N<zM, rfle i/M^HopMajiBHoe paccjioeHHe MHoroo6pa3Ha M"*, uncM ^ nop- 
MajibHoe paccjioeHHe HOflMHoroo6pa3Ha N''~^ BnyTpn M"^ CHaSjKeno cko- 
ineHHbiM ocnameHHeM c xapaKTepHCTHnecKHM KjiaccoM kn- SaMCTHM, hto 
paccjioenne i^mIn TaK>Ke ciia5>KeH0 CKomenHbiM ocnameHHeM c tcm jkc xa- 

paKTCpHCTHHeCKHM KJiaCCOM, HTO ^^OCTaBJIHCT CKOHieHHOC OCHamCHHe Sjy 

MHoroo6pa3Ha A'"'^"^ b Kopa3MepHOCTH {n — k + 1). 

JleMMa 37. Tpouna {N^^'^ Aj^) onpedeAMem D./ieM,enm x^^i G 
Imm^^''^'^''"'^^ {k — l,n — A; + 1), Komopuu neAHemcH hoahum npenmncnieu- 
CM K nocmpoeHuto pempaKi4uu nop^dna {k — 1) dAH ucxodnoso SAeMenma 
X e Imm'f'''^'-'''^{2'' - 2,n - 2^= + 2). 

/^OKaaaTejibCTBO JleMMbi 37 

PaccMOTpHM MHoroo6pa3He E'^ C MP^*"^ ocoSbix cenenHH ceMeiicTBa ko- 
Topoe HHJKC 6y;ieT nepeo6o3naHeHO Hepe3 Sq. 9to MHoroo6pa3He cnaSiKBHO 
ecTecTBCHHOH CTpaTH4)HKaH;HeH ((i)HJibTpaH;HeH) : 

C E° C • • • C E^-^ C Eg C W^'-\ (157) 
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He orpaHHHHBaa o6iii;hocth, mojkho CHHTaTb, hto KajK;i;oe MHorooSpaane 
B 4)HJibTpaii;HH (11571) aBJiaeTca CBasHbiM. no;i;MHoroo6pa3He Sj, dim(Tii) = 
k — i 3T0H (|)HjibTpan,HH onpe^ejien KaK ocoSoe noflMHoroo5pa3He noflceMeii- 
CTBa ce^eHHH, cocToamero h3 nepsbix (s — i)-ceHeHHH. Ha npsMbix Bbi^HCJie- 
HHH BbiTGKaeT, HTO (J)yHflaMeHTajibHbiH Kjiacc [Sj] cooTBeTCTByiomero ^Jiena 
(i)HJibTpaii;HH npe;i;cTaBJieH oSpaayiomeH b iffc_j(MP^ ~^;Z/2). ^eficTBHTejib- 
HO, 3T0 cjie;i;yeT h3 Toro, hto yKaaanHbiii ii;hkji flBOHCTBeneH xapaKTepncTH- 
^ecKOMy Kjiaccy Wn+i-2k-k+i{{n + 1 — 2^)k^2'^-i)- 

HpeflnojiojKHM, hto OTo5pa>KeHHe km '■ M"^ MP^''^^ sBJiaeTca Tpanc- 
BepcajibHbiM Bflojib nocTpoGHHOH CTpaTH(J)HKan,HH B oSpaae h npoo6pa3 CTpa- 
TH(J)HKan,HH (11571) Mbi o6o3HaHHM nepea 

NLi C Nl, C • ■ ■ C Nt' C (158) 

npH^GM CTapmee MHorooSpaaHe (|)HjibTpan,HH A^^q^^ coBna^aeT c MHorooSpa- 
3HeM N''~^, KOTopoe SbiJio nocTpoeno panee. 

HpoBe^eM paccyjK^ieHHa HH;i;yKii;HeH no napaivieTpy i, i = 0, . . . ,k — 1. 
Paccy^K^eHHa b cjiy^ae i = BjieMeHTapHbi. HeTHOMepnoe MHoroo6pa3He 
M'" HBjiaeTca opHeHTHpoBannbiM, noBTOMy npe^CTaBjiaeT nyjieBoii Kjiacc ro- 

MOJIOrHH B KP^ 

HpeflnojiojKHM, hto o6pa3 OTo6pajKeHHa km '■ M"^ MP^ yme jigjkht 
B CTaH;i;apTHOM npoeKTHBHOM noflnpocTpancTBe MP^ C MP^ Tor^a 

N^Zi = 0- SaMCTHM, HTO CTpaT MO>KHO BblSpaTb B KJiaCCe H30T0nHH 

TaK, HTO MHOJKecTBO TOHeK nepeceHeHHJi fl MP^*""^"* coctoht na e;i;HH- 

CTBGHHOH TOHKH. ^GHCTBHTejIbHO, HHfleKC nepeCeHGHHa (|)yHflaMeHTajIbHbIX 

KJiaccoB no;i;MHoroo5pa3HH MP^ ~^~\T,l_- b MHoroo5pa3HH MP^ ~^ HeneTeH 
H MO>KeT npHHHMaTb npoHaBOJibHbie neneTHbie ana^eHHa. HpHMenaa npneivi 
Yhthh, mojkho Bbi6paTb b Kjiacce naoTonHH Tax, hto reoMeTpHHecKH 

yKaaaHHbie noflMHorooGpaana nepeceKaiOTca no MnnniviajibHO BoaiviojKHOMy 
MHOJKecTBy TOHGK, T.G. TOHKa nepeceHGHHa Bcero o;i;Ha. 

OcHani;eHHoe no;i;MHoroo6pa3He Nl_-_^ sBJiaeTca peryjiapnbiM npoo6pa- 
30M TOHKH npn OTo6pa>KeHHH B ocTOB MP^*^^^^* H npeflCTaBJiaeT sjieivieHT Xi na 
rpynnbi KoGopflnaivia Imm^^''^^'"'''^^ {i, n — i). Tor^a no JIgmmg 32, nocKOJibKy 
Xi = 0, (hto cpaay cjie;i;yeT na npeflnojiojKenna = 0), cyni;ecTByeT nop- 
MajibHbifi KoSop^naM OToSpajKenna cm TaKon, ^to b peayjibTaie nojiynaeTca 
OToSpajKenne (xoTopoe mm o6o3HaHHM nepea c^), ^Jia KOToporo o5paa vroc'^^ 
jiejKHT B noflnpocTpancTBe MP^ ^ajiee nepexoflnivi ot i k (i + 1) n noBTO- 
paeM anajiornHnbie paccyjKflenna. B npeflnojio^Kennn pabencTBa Xk-i = b 
KJiacce Ko5opflH3Ma mojkho nocTpoHTb peTpaKn;Hio nopa^Ka {k — 1). JleiviMa 
37 flOKaaana. 
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OcHOBHbiM npn ;i;0Ka3aTejibCTBe Teopeivibi peTpaKij,HH aBJiaeTca cjie^yio- 
mee npe^jioiKeHHe. 

ripefljiOiiceHHe 38. Tlycmh n = —2(mod(2^)) , n > 2^ u nycrnt, Bah sa- 
dauHogo 3JieMeHma x G /mm*-^'''^'"''''^ (2^^ — 2, n — 2^ + 2) paccMampueaemcH 
npenHmcmeue x^-i G Imm^^'''^^''"''^^{k — l,n — /c + 1) k nocmpoeHum pe- 
mpaKi4uu nopndKa {k — 2) e KAacce Ko6opdu3Ma x. Tosda SAeMenm Xk-i 
Aeofcum e o6pa3e soMOMopcfjusMa mpancc^epa, m.e. cyuj^ecmeyem aAeMenm 
yk-i £ Imm'^-^''^^'-''^^+^{k — l,n — k + 1), Sah Komopozo rj+i{yk-i) = x^-i- 

/^OKasaTejibCTBO npefljio:aceHHH 38 

PaccMOTpHM HopMajibHoe paccjioeHHe pm = {n — 2^ + 2)KM k MHorooSpaanio 
M"^, dim{M^) = m — 2^ — 2 h no^paccjioeHHe 0m C vm, 4> = {n — 2^ + 1)k,m 
KopasMepHOCTH 1, KOTopoe opToroHajibHO jiHHeiiHOMy noflpaccjioenHio Km C 
i^M- CymecTByeT neBbipojKfleHHoe ceMeiiCTBO ceMenHii {^i, . . . ,^s}, s — n -\- 
3 + /c — 2^^^ , pacc.rroeHHa (f). 

/leiicTBHTe.rrbiio, paccjioeiine 0m aBJiaeTca HopMajibHbiM paccjioeimeM k 
MHoroo6pa3Hio (c KpaeM), Koxopoe onpe;i;ejieHO KaK TOTajibHoe npocTpan- 
CTBO flHCKOBoro paccjioeHHa D{km)- IlocKOJibKy dim{D{KM)) — 2'^ — 1, 
q;(2*^ — 1) — k, no TeopeMe Kosna [C] MHoroo6pa3He D{km) norpyjKaeTCH 
B eBKjiH/tOBO npocTpancTBO M? -2-fc j-g^Q yTBepjK^eHHe C(J)OpMyjTHpOBaHO 
KaK rnnoTesa 39 h npaivioe j3,OKa3aTejTbCTBO nacTiioro cjiynaa SToii rHnoTe- 
3bi npHBo;i;HTca b Cjie;i;cTBHH 40). B nacTHOCTH, paccjioeHne (pM flonycKaeT 
ceMeiiCTBO s neBbipojKfleHHbix ceHenHii. He orpanHHHBafl o6mHOCTH, mojkho 
CHHTaTb, MTO CKomeHHO-ocHameHHoe MHoroo6pa3He Bbi6paH0 b Kjiacce 

HOpMajTbHOrO Ko5opflH3Ma. 

PaccMOTpHM, KpoMe Toro, ceMeiiCTBO ceHeimii ^ = . . . , ■i/'s}, ko- 
Topoe HHflyii;HpoBaHO h3 CTanflapTHoro ceMeiicTBa ceneHHii paccjioeHna 
(n + 1 — 2'^)ft;jgp2fc_i npn OTo6pajKeHHH km- Onpeflejieno noflnaTne ceMeii- 
CTBa B HeBbipojKfleHHoe ceMeiicTBO ceMeHHii ^ — . . . , ■^s} pac- 

cjioeHHfl I'M- CeMCHCTBO ^ npocKTHpyeTca ceMeHCTBO ^ npn npoeKii,HH 
—^4>M B;i;ojib no/ipacc.rioeima km- HoflHaTHe HeBbipojK^eiiiioro ceMefi- 
CTBa {^1, . . . ,^s} B HCBbipoiKfleHHoe ceMeficTBO ceHeHHH paccjiocHHa z/m o5o- 
3HaHHM Hepe3 {^1, . . . , ^s}. 

PaCCMOTpHM, KpOMB TOrO, CeMCHCTBO CeMBHHH o6merO nOJIOJKCHHa X — 

{Xi, ■ ■ ■ Xs} Ha MHoroo5pa3HH ~^ x I paccjioenHa z/(M^ x /, KOTopoe 
coBnaflacT c ccMeiicTBOM {^^i, . . . , ips} na KOMnoHCHTe rpaHHii;bi x {1} 

H c ceMeiiCTBOM ceHeHHH {Ci)---)Cs} Ha KOMnonenTe ~^ x {0} rpann- 
ii;bi. CeMBHCTBO ceHeHHH {xii ■ ■ ■ ■> Xs} HMBBT, BOo6iii;e roBopa, oco6eHHOCTH. 
noflMHoroo6pa3He oco6bix cBHeHHii o6o3HaMHM Mepe3 V''~^ C M"^ x I. 3to 
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saMKHyToe MHorooSpaane paaiviepHOCTH k — 1. AnajiornHHO BBe;i;eM oSoana- 
HGHHe {xij---jXs} npoeKii;HH paccMaTpHBaeivioro ceMeficTBa ceHeHHH 
B ceMGHCTBO ce^eHHH paccjioeHHH (f)M X I (o6o3Ha^HM 3T0 paccjioeHHe ^e- 
pe3 (pMxi)- CeMeiicTBO ceneHHii {xi, ■ ■ ■ ,Xs} TaKJKe paccMaTpHBaeTCfl c aa- 
flaHHbiMH rpaHHHHbiMH ycjiOBHHMH, onpe^ejieHHbiMH npoeKn,HflMH ceMeiicTB 

{V'l,..., {6,---,'^s}- 

nycTb K'' C X J, m = 2 — 2 - no;i;MHoroo5pa3He paaiviepHOCTH 
k, onpe^ejieHHoe KaK no^MHorooGpasHe ocoGeHHOCTeii ceivieHCTBa ceneHHii 
{Xi ■ ■ ■ , Xs}- 3to noflMHoroo6pa3He HMeeT KOMnoneHTy rpaHHn,bi K''r\{M"^ x 
{1}), KOTopyio Mbi o6o3Ha^HM nepea A^'^~^ C M*" x {1}. CorjiacHO JIgmmg 
33, TpoHKa {N^~^ jSjsf, A]sf), r^e H^r - CKomeHHoe ocnameHHe HopiviajibHoro 
paccjioeHHa noflMHorooSpaana A^^~^, onpe;i;ejieHHoe no Teopeivie KomopKe, h 
ceMeficTBO KoroMOJiorHHecKHx KJiaccoB Ajy = Ajv/|^fc-i, npe^CTaBJiaeT 3Jie- 
MGHT Xk-1 B rpynne Imm'^'^''"''^^''^^ {k — l,n — A; + 1), KOTopbifi onpe^ejiaeT 
nojiHoe npenflTCTBHe k nocTpoenHio peTpaKn,HH nopfl^Ka {k — l) b Kjiacce ko- 
SopflHaivia X = [{M^^^Sm, k,m)]- PaccMOTpHM noflHSTHe ceMeficTBa ceHeHHH 
{Xi • • • 5 Xs} paccjioeHHa 0mx/ flo ceivieHCTBa ceneHnH {xi ■ ■ ■ Xs} o5iii;ero no- 
jiojKeHHa paccjioeHHa {n + 2 — 2'^)k,mxi- FpaHHHHbie ycjiOBna aanncbiBaiOTca 
B BH^e: 

Xi\m'^x{o} = ^i, Xi\m'^x{i} = i>h / = l,...,s. (159) 

SaMGTHM, ^TO onpe^ejieno BKjiio^eHHe V'^'^ C K'^ no^MHorooGpaaHH ko- 
paaiviepHOCTH 1, nocKOJibKy na^i; V'^'^ ceMeflcTBO ceHenHH X = {xi---Xs} 
BbipojK;i;aeTca. noflMHorooSpaane V'^'^ aaiviKHyTO, nocKOJibKy na rpaHHii;e 
d{M^ X /) ceMGHCTBO ceHeHHH X ne HMeeT ocoGeHHOCTeii. IlpHMeHHM 4)op- 
Myjiy f ll56p ^jih Bbi^HCJienHH CTaSnjibHoro HopMajibHoro paccjioenHH k nofl- 
MHorooSpaaHK) K'' h k no^MHorooSpaaHio V''~^ C K''. OSoananHM ^epea A 
- jiHHeHHoe paccjioeHHa a^ep ceMeHCTBa ceneHHii X na^ V'^~^. 

^OKajKeM, HTO HopMajibHoe paccjioeHHe no;i;MHoroo5paaHa V"^^^ C M™ x 
I B oSijeMJiiomeM MHorooSpaaHH naoMopcjDHO paccjioeHHio e (B {m — k + 1)X. 
^encTBHTejibHO, orpaHH^eHHe HopMajibHoro paccjioenHa i/(M™)|y HaoMopcJ)- 
Ho paccjioeHHK) (n + 2 — 2^)kmx7, h, KpoMe Toro, HaoMop(J)HO TpHBHajibHOMy 
paccjioeHHK) (n + 2 — 2^^)5, npn^eM HaoMop4)HaM BbiSnpaeTca KaHOHH^ecKHM 
(ne aaBHcamHM hh ot M"* hh ot V''~^). PaccjioeHne A, flonojiHHTejibHoe k 

JIHHeHHOMy paccjioeHHK) A B TpHBHajIbHOM paCCJIOCHHH JIHHeHHblX KOMGnna- 

n;HH BCKTopoB cenenHH, npeflCTaBJiacT paccjioenne —A, o6paTHoe k paccjioe- 
HHK) A. CjieflOBaTCJibHO, opToronajibHoe ^onojineHHe k oSpaay 3Toro paccjio- 
CKHfl B paccjioeHHH umW HaoMop(|)HO paccjioeHHK) A©(2^ — fc — 1)5. HcKOMOe 
HopMajibHoe paccjioenne HOflMHorooSpaana V"^~^ C ~^ x / (tcm caMbiM, h 
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CTa6HJibHoe HopMajibHoe paccjioeHne MHorooSpaana ^) h30mop4)ho pac- 
cjioeHHK) A ® (A © (2*^ - A; - l)^) = £ © (2*= - A; - 1)A. 

06o3HaMHM Mepe3 Uy C X'^-peryjiflpHyio OKpecTHOCTb noflMHorooSpa- 
3Hfl V''~^ C K''. Hojie H^ep ceMeiiCTBa {xi, • • • , Xs}) orpaHH^eHHoe na 
(a, cjie/xoBaTejibHO, h na f/y) aa/iano jTHHefinbiM paccjToeHHeM A, orpanHHen- 
HbiM c K'^ Ha V^~^, (na ?7y) h sto paccjioeHne o6o3HaHaeTca Hepe3 A. C 
yneTOM Toro, hto orpaHHHeHne KajK^oro h3 paccjioeHHii (2*^~^)A, {2'^~^)km 
Ha noflMHoroo6pa3He V^~^ KanoHHHecKH H30Mopc|)HO ipHBHajibHOMy pac- 
cjioeHHK), opToronajTbHoe ,T,onojiHeHHe k paccjioenHio ceneHHii b paccjioenHH 
X /|vfc-i H30Mop4)HO paccjioeHHK) A© {2''^^ — k)e(B{2^~^ — 1)km- Hpn stom 
no anajiorHHEbiM BbiHHCJieHHaM, HopiviajibHoe paccjioeHne k no;i;MHoroo6pa- 
3HIO K'^ C ~^ X I (BHyTpn o6T>eMJiioiii;ero MHoroo6pa3Ha) h30mop4)ho 
paccjioeHHK) e © {2'^'~^ — 1 — k)X © (2^^"^ — 1)km <8) A. OTKy^a cjie^yeT, hto 
CTa6HjibHbiH Kjiacc H30Mop4jH3Ma paccMaTpHBaeMoro paccjioenHa BbiHHCJia- 
eTCfl no (J)opMyjie (—1 — A;)A — (km ® A). 

OTCio^a, B nacTHOCTH, BbiTGKaeT, HTO jiHHennoe nopiviajibnoe paccjioe- 
nne no^Mnoroo6pa3Ha V'^~^ C K'^, coBnaflaion^ee c jinneiinbiM paccjioenneM 
noflMHoroo6pa3Ha V'^~'^ b peryjiapnon OKpecTnocTH Uy, H30Mop4)HO paccjio- 
ennio A ® km- 05o3nannM nepe3 Q^"^ - rpaHnn,y peryjiapnoii OKpecTnocTH 
Uv, T.e. Q''"^ = dUv- Mnoroo5pa3He \Uv nivieeT KOMnonenTbi rpanHn,bi 
9(i^r^ \ Uv) = Q^~^ U H anjiaeTca CKomenno-ocnain,ennbiM b Kopa3Mep- 

nocTH n — k c xapaKTepncTHHecKHM KJiaccoM ocnani;enHa kmxi\k\Uv /I^^" 
CTBHTejibno, HopMajibHoe paccjioenne 3Toro noflMHoroo6pa3Ha 6biJio onnca- 
no Bbinie, a nojinoe nopMajibnoe paccjioenne nojiynaeica h3 nopMajibnoro 
paccjioenna no;i,MHoroo6pa3na b pe3yjibTaTe cyMMbi Yhtbh c TpnBnajibnbiM 
{n + 2 — 2'^)-MepnbiM paccjioenneM, KOTopoe KanonnMecKn n30Mop4)no pac- 
cjioennio {n + 2 — 2^)hmxi- 

TpoMKa (A'"*^"-'^, Sjv, ^at) {Q^~^ i'^q-i -^q)), cocToani;aa h3 Mnoroo6pa3Ha 
N^~^ {Q^~^) BMecTe co CKomennbiM ocnan^enneM (Sg) n ceMencTBOM 
Ak (Aq) KoroMOJiornnecKHx KjiaccoB, KOTopoe onpe^ejieno KaK orpannne- 
nne ceMencTBa AmxI = {i^i, ■ ■ ■ , K'j} na paccMaTpnBaeMoe no,iMHoroo5pa3ne 
c oSTiGMJiiomero MHoroo6pa3Ha M^*""^ x /, onpe/i,ejiaiOT cooTBeTCTByion^ne 
3JieMenTbi b rpynne Ko6opflH3Ma I'mm^^''^^'-''^^{k — l,n — k + 1). /^Jia KpaT- 
KOCTH 3TH 3JieMeHTbi 6y^eM o6o3HaHaTb Hepe3 [K] , [Q] , ne yKa3biBaa ^onoji- 
nniejibnyio cipyKTypy CKomennoro ocnan^enna n na6opa KjiaccoB kofomo- 
jiornii. 

Ho anajiomHHbiM cooSpajKennaivi MHoroo5pa3He K'^ \ Uy, cna6jKeH- 
no Ha6opoM KoroMOJiornnecKHx KJiaccoB {kiI n\Uv ■>■■■■> i^jlNXUv} ^ cko- 
mennbiM ocnani;enHeM b Kopa3MepHOCTH (n — k + 1) c xapaKTepncTHne- 
CKHM KjiaccoM Km"^xi\kI'\Uv ' onpeflejiaeT CKomenno-ocnan],ennbiH Ko6op- 
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flH3M MejK^iy [K] H [Q]. Ho nocTpoeHHio [K] = ak-i npe;i;cTaBJiaeT 
nojiHoe npenaTCTBHe k peTpaKii;HH nop5i;i;Ka (/c — 1) HCxoflHoro sjieivieHTa 
(M^ ~^,Sm,^m) OTHOCHTejibHO xapaKTepHCTHHecKoro KJiacca km- 3jieMeHT 
[Q] nojiyneH b peayjibTaTe roMOMop(|)H3Ma TpaHC(J)epa h3 neKOToporo sjie- 
MGHTa Pk-1 £ Jmm'^f\'^^^-'i^j^i^3+i[k — l,n — /c + 1). 3jieMeHT Uk-i aa^an 
CKomeHHO-ocHaineHHbiM MHorooSpaaneM V^~^ h naSopoM KoroMOJiorHnecKHx 
KJiaccoB Ay, KOTopbiH HHflyii;HpoBaH orpaHHHeHHeM HaSopa cooTBeTCTByio- 

mHX KJiaCCOB C X /. SaMGTHM, HTO MHOrOoSpaaHG Q^~^ CJiy>KHT ^By- 

JIHCTHblM HaKpblBaiOmHM Hafl V^~^ . HpH 3T0M KOrOMOJIOrHHeCKHH Kjiacc 

G Z/2), OTHOCHTejibHO KOToporo SepeTca TpaHc4)ep, coBna- 

;i;aeT c kmxi\v- XapaKxepHCTHHecKHH KJiacc kq CKoniennoro ocnan^enHa Sq 
MHorooSpaana Q^~^ nojiyneH npn TpaHC(J)epe xapaKxepHCTHHecKoro KJiacca 
\ = Ky CKomeHHoro ocHani;eHHa Sy. (SaivieTHM, hto stot jkg xapaKxepHCTH- 
^ecKHH Kjiacc Kq HHflyn,HpyeTca na Kjiacca KoroMOJiornfi Kj+i = km\v npn 
HaKpbiTHH Q'^'^ V^~^ .) npefljio>KeHHe 38 flOKaaano. 

/^OKasaTejibCTBO TeopeMbi 29 o peTpaKij;HH 

PaccMOTpHM HaxypajibHoe hhcjio if), onpe;i;ejieHHoe b HpefljiojKeHHH 32 
fljia aHaneHHa napaivieTpa peTpaKii;HH paBHoro d — 1. Tor^a roMOMop- 
4)H3M (11531) nojiHoro TpanccJ^epa na rpynne Imm^^''^^'---''^'i'{d — l^n — d + 
1) OKaabiBaeTca TpHBHajibHbiM. Onpe^ejiHM naTypajibnoe hhcjio l{d) = 
exp2(exp2 . . . exp2(c?) ■ ■ ■ + 1), rj^e hhcjio HTepan,HH (J)yHKn,HH exp2(a:; + 1) = 
2^+^ paBHO ip, a HanajibHoe anaHeHne x = d — 1. 

IlycTb nponaBOJibHaa CTenenb abohkh, hg MGHbinaa, mgm l{d). Onpe- 
flejiHM n = V — 2. ^OKajKGM, hto nponaBOJibEbiH sjieivieHT rpynnbi Imm'^^ [n — 
1, 1) ;],onycKaeT peTpaKn,Hio nopa^xa d. 

riojioJKHM no = l{d) — 2, no npe^nojioJKeHHio no < n. Onpe^ejiHM nocjie- 
flOBaTejibHOCTb aa %Ij aaceji: 2ni = log{nQ + 2) — 2, 2n2 = log2{ni +2) — 2, . . . , 
2n^ = log2{n^-i + 2) — 2. Bee yKaaaHHbie aacjia aBJiaioxca HaTypajibHbiMH, 
npa 3T0M = d — 1. 

HycTb X G Imm^^{n — k, k)- npoaaBOJibHbia sjieivieHT, Xd-i G Imm^^ [d — 
1, n — (i + l)-nojiHoe npenaTCTBae k nocTpoenaio peTpaKn,HH nopa^Ka d — 1 
p^jia HCxo^Horo sjieMeHTa x. PaccMOTpaM o6paa SToro sjieivieHTa x„p G 
Imm'^^ {riQ^n — no). SaivieTHM, hto npenaTCTBne Xd-i aBJiaeTca TaKJKe npe- 
naTCTBHeM k peTpaKn;HH nopa^Ka (c? — 1) sjieivieHTa 

PaccMOTpHM npenaTCTBHe G Imm^-^ {ni,n — ni) k nocTpoennio pe- 
TpaKn,HH HopaflKa ni fljia a^g. Ho npeflJio>KeHHio 34, cymecTByeT BJieivieHT 

G Imm'^^''^^{ni,n — ni), Hpe;],CTaBjieHHbiH CKomeHHO-ocHameHHbiM mho- 
roo6paaHeM X"^ c xapaKTepHCTHaecKHM KJiaccoM Kj^^i G H^{X^^; Z/2) cko- 
ineHHoro ocHameHHa, KOTopbiii nepexo;i;HT npn TpaHc4)epe OTHOCHTejibHO ko- 
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roMOJiorHHecKoro KJiacca k.i = k.n\xi 'b sjieivieHT x^^. 

PaccMOTpHM npenaTCTBHe ^ Imm^^''^^{n2,n — ^2) k peTpaKii;HH no- 
pflflKa 712 flJia sjieMBHTa CnoBa no IlpeflJioJKeHHio 34, cymecTByei 3Jie- 
MBHT € Imm^^''^^''^^ {n2, u — 77.2) TaKoii, mto sjieMenT r2{zn2) npenaT- 
CTBveT K peTpaKixHH uopsijiKa 7i2 ;i,JTH s.rreMeHTa ym- 3.rreMeHT rtot{zn2) = 
Ti o r2(-2„2) = Jnii^no) = 2^712 cjiyjKHT npenaTCTBHGM K peTpaKii;HH nopa^Ka 
(772) flJia 3JieMeHTa 3tot me 3JieMeHT cjiyjKHT nojiHbiM npenaTCTBH- 
eM K peTpaKn,HH nopa^Ka (712) flJia HCxoflHoro 3JieMeHTa x. 

Paccy»<;;i,aa no Hn/xyKiinn, nojiynaeM, nTO npenaTCTBne k nocTpoennio 
peTpaKii,nn nopH/T,Ka {d — 1) /],Jia sjieMenTa x nojiyneno b peayjibTaTe npn- 
MeneHHa nojinoro t/'-KpaTHoro TpaHc4)epa k neKOTopoiviy 3JieMeHTy e e 
Imm^f''^^'-''^'^{d — 1,77 — d + 1). Ho ripefljiojKeHHio 32 rtot{s) — 0. Cjie^o- 
BaTejibHO, Xd-i = 0. TeopeMa 29 o peTpaKn;HH ^OKaaana. 



^oGaBjieHHe 

05o3i-iaHHM nepea b = b{k)- nponsBOJibHyio CTenenb abohkh, KpaxHyio CTene- 
nn 2^^. Hpn 3tom npe^nojioraeTca, hto 77+2 > 2''*^^^ OSoanannM naiypajibnoe 
nncjio (77 — 2b{k) + A; + 3) nepea s. 

rnnoTeaa 39. UpouaeoAbHuu kaucc Ko6opdu3Ma a e Im■m^■^''^^'^^^''^^ {b{k) — 
1, 77— 6(A;) + 1), npedcmaeAeH MHOsoodpaaueM M^^'^'>~^ co CKomeuHUM ocnavne- 
HueM Em u Ha6opoM xapaKmepucmuuecKux KAaccoe km £ H^{M^^^^~^] ^/2), 
Ki e H^{M^^'^'>~^;Ij/2), i — 1, . . . , j maKUM, umo MHOzoo6pa3ue M^^^^~^ no- 
zpyMcaemcH e npocmpaHcmeo ]R26(fc)-2-fc_ dKeueaAenmHO, HaudemcH ceueu- 
cmeo {^1, ■ ■ ■ ,Cs} ceHenuu HopMaAbHoso paccAoenuH u{M) = (77 — b{k) + 
1)km, Komopoe ne UMeem eupootcdeHuu. 

Hpn flOKaaaiejibCTBe npeflJiOiKenna 38 mm BOcnojibsoBajincb cjieflyion],HM 
cjie^CTBHeM rnnoTesbi 39. 

Cjie^CTBHe 40. UpouseoAbHuu KAacc Ko6opdu3Ma a G Imm'^^''^'^'---''^^ {b{k) — 
1, 77— 6(A;) + 1), npedcmaeAeH MH020o6pa3ueM M^^^^~^ co ckovulchhum ocuau^e- 
HUCM Sm u HadopoM xapaKmepucmuuecKux KAaccoe Km £ H^{M^^''^~^; ^/2), 
Ki e H^[M^^^^''^]'L/2), i — TTpTi amoM naudemcH ccMcucmeo 

{^1, . . . cenenuu uopjuaAbHozo paccAoenufi u{M) = {n — b(k) + 1)km, 
Kornopoe ne UMcem eupoaicdemiil Had nodMHOsoo6pa3ueM A^''(^)~2 c M''^''^~^ , 
npedcmaeAHWiu^UM auAcpoe KAacc paccAoenun km- 

Mbi flOKajKeM Cjie^CTBne 40 b npe;i;nojio>KenHH j = 0. Hpn stom mbi 
BOcnojibsyeMca ocnonnbiM peayjibTaTOM paSoTbi [A-E], corjiacno KOTopoMy 
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ecTecTBeHHbiH roMOMop4)H3M Imm^'^ {k,l) — » Imm^^ {k,b{k) — 1) aBJiaeTca 
TpHBHajibHbiM (3T0 yTBepjK^eHHe flOKaaano b [A-E] ^a^Ke npn 6ojiee cjia6bix 
pasMepHOCTHbix orpaHHMeHHflx). 

SaMenaHHe 

rnnoTeaa 39 (flJia npoH3BOJibHoro j BbiTexaeT h3 peayjibTaTa Koana [C], co- 
rjiacHO KOTopoMv MHoroo6pa3He M'^^^^~^ ji;onycKaeT norpy»ceHHe b npocTpan- 
CTBO ]R26(fc)-fc-2 cymecTBOBaHHa TaKoro norpy>KeHHfl BbiTCKaeT, hto Hop- 
MajibHoe paccjioeHHe i/(M) pasMepnocTH dimiv) = n + 1 — h{k) HMeei, no 
MeHbineii Mepe, (n— 26(A;)+A;+3) neBbipoiK^HHbix ceneHHa. Ha^ noflMHoroo6- 
paaneM N^^^^'"^ C M^^^^~^ 3to ceMeiicTBO ceneHHii no^aBHO ne BbipoiK^aeTca. 



/^OKaaaTejibCTBO Cjie^CTBHH 40 npn j = 

/loKaaaTejibCTBO ocHOBano na TeopeMe o norpyjKaeMOCTH CTan^apTHoro npo- 
eKTHBHoro npocTpancTBa MP^(^)^^ b eBKJiH;i;oBO npocTpancTBO ]R26(fc)-A:-2_ 

06o3HaHHM ,T,jTH KpaTKOCTH dim{M) = b{k) — l nepes m. Tor/ta dim{N) = 
m — 1. 06o3HaMHM paccjioenHe i'mIn"^-'^ Hepe3 un, HopMajibHoe paccjioenHe 
K MHoroo6pa3Hio N^~^ Hepe3 un, paccjioenHe km\n Hepe3 kn- SaMCTHM, 
HTO (n — b(k) + 2)k,n — vn '^to vn ® i^n — ^n- Onpe^ejiena npoeKii;Ha 
t: : ^ i^N paccjioeHHii c a^poM Kjy. 

SaMBTHM, MTO paccjiOGHHe (n — 6(A;) + 2)KKpm aBjiaeTca oSparabiM paccjio- 
eHHCM K KacaTejibHOMy paccjioenHio T(KP™) = h{k)K^m. h, cjieflosaTejibHO, 
aBjiacTca HopMajibHbiM paccjioenneM k HP"* pa3MepH0CTH {n — b{k) + 2). 
PaccMOTpHM HeBbipojKflCHHoe (cTan^apTHoe) s-ccMeficTBO cenenHH paccjio- 
enna {n — b{k) + 2) . 3to ceMeficTBO onpe;i;ejieHO, nocKOJibKy MHoroo6pa- 
3He MP™ norpyjKaeTca b eBKjTH,T,0B0 npocTpancTBO ]R26(fc)-fe-2^ PaccMOTpHM 
OToSpajKCHHe Kn '■ iV™~^ — > KP'" h HHflyn,HpyeM sthm OToSpaiKenneM HCBbi- 
pojKfleHHoe s-ceMCHCTBO o6mero nojioJKCHHa ceMCHHii paccjioenna Pjv h ce- 
MciicTBO npoeKii;HH 3Toro ccMeiicTBa, KOTopoe aBJiacTca ceMeiicTBOM ceneHHii 
(BOo6iii;e roBopa, BbipojK^eHHbix) paccjioenna un- 

{i/Si, . . . {V'l, ■ ■ ■ ,V'Jiv— ix{o}- (160) 

He orpaHHMHBaa o6mHOCTH, b Kjiacce HopMajibHoro Ko6opflH3Ma mhofo- 
o6pa3Ha N'^~^ BbiSepcM npeflCTasHTejib, HMeiomnii roMOTonHMCCKHH k-Tnu 
npocTpancTBa MP°°, Hii^jyiinpoBaiiHbiH OTo6pa»ceimH kjv- 

ByflGM paccyjKflaTb no HHflyKii;HH c napaivieTpoM i = 0, . . . ,k. HycTb no- 
CTpoena roMOTonna 

{Xi, ■ ■ ■ ■>Xs}N^-ix[o,i], {Xi, ■ ■ ■ ,Xs}Ar'"-ix[o,i], (161) 
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c rpaHHHHMMH ycjiOBHaMH: 

{Xi, • • • , Xs}jv— ix{o} = {i^i, V'sItv— ix{o}, (162) 



{Xi, • • • ,Xs}7v— ix{i} = {A, ■ ■ • , V's}7V'"-ix{i}- (163) 

ripH 3T0M BbinojiHeHbi HHJKecjie^iyioiuHe ycjiOBna 1-3. 

-1. no;i;ceMeHCTBO {tpi, . . . ,'ilJs~k+i+i}N"^-'^x{i} CGMeHCTBa (I163p aBJiaeTca 

HeBbipOJKfleHHblM. 

-2. B ceMeficTBe npoeKn,HH {ipi, . . . , il's}N"^-''-x{i} ceMeHCTBa ceneHmm f ll63p 

nO;],CeMeHCTBO {ipl, ■ ■ ■ , tps-k+i} N'^-'^x{i} aBJiaeTCH HeBbipO>KfleHHbIM. 

-3. FoMOTonna (11611) HMeeT, SbiTb MOJKeT, BbipojK;i;eHHe c TpHBnajibHbiM 
jiHHeHHbiM paccjioeHHeM a^ep. 

06o3Ha^HM ^epea L* C N"^^^ x {i} - i-uepnoe no;],MHoroo5pa3He 5a- 
3bi, Ha^ KOTopbiMH no;],ceMeHCTBO {ijji, . . . ,ips-k+i+i}N"^-'^x{i} nepecGKaeTca 
c noflpaccjioeHHeM kj^ (t.g. ceMeiicTBO npoeKii;HH {^i, • • • , ^s-fc+i+i} BbipojK- 
flaeTca). 

BaaoBbiii mar HH^yKi^nn 

HpH 2 = 4)yHflaMeHTajibHbiH Kjiacc MHorooGpaana npe^CTaBjiaeT ro- 
MOJiorH^ecKHH SHjiepoB Kjiacc B rpynne Hq(N"^~^;X/2). 3tot roMOJiora^e- 
CKHH Kjiacc ^BOHCTBeneH B CMbicjie HyaHKape KoroMOJiorHnecKOMy Kjiaccy 
Wb(k)^2iin-b{k) + l)KN = WiiKN^^''^-^ e i7''('=)-2)(A^™-i;Z/2) h nojinocTbio 
onpeflejiaeTca xapaKTepncTHHecKHM hhcjiom 

YKaaaHHoe xapaKTepncTHHecKoe hhcjio paBHO Hyjiio, nocKOJibKy MHoroo6- 
paane A^^('^)~2 opneHTHpoBaHHO h HMeeT l-roMOTonHnecKHH thh MP™. Teivi 
caMbiM, npH i = B Kjiacce naoTonHH HeBbipojKfleHHoro ceMeiicTBa cene- 
HHH {ijji, . . . ,iPs}n"^-^x{o} HaflfleTca ceMeHCTBO fljia KOToporo noflceivieHCTBO 
npoeKii;HH {^i, . . . ,ips-k+i}N"^-^x{o} He BbipojKflaeTca, hto oSecnennBaeT oc- 
HOBanne HH;i;yKii;HH. 

/l^jia ;i;0Ka3aTejibCTBa HHflyKTHBHoro npe;i;nojio>KHM, hto roMOTonna fllGip 
y>Ke nocTpoena npn i = {q — I m nocTpoHM TaKyio me roMOTonHio npn i = iq. 
BnaHajie nocTpoHM peryjiapnyio roMOTonnio 

{Xl! • • • ; Xs-k+io+l] N^-^x[io,io+l] (164) 
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saflaHHoro ceMeficTBa ceneHHii {ipi, . . . , tps-k+io+i} N"^-'^ x{io} k ceivieHCTBy ce- 
HGHHii {ipi, . . . ,ilJs-k+io+i}N"^-'^x{io+i} (ycJiOBHe peryjiapHOCTH Ha KOMnoHen- 
Te rpaHHn,bi A^"^^^ x {ig} BbinojiHeno no HH^yKTHBHOiviy npe^nojiOKeHHio) , 
fljiH KOTopoii ceMGHCTBO npoeKn,HH 

{^l, . . . , 1ps_k+io+l}N"^-^x{io+l} (165) 
He HMeeT BbipO>KfleHHH. 

PaccMOTpHM ZQ-MepHoe noflMHoroo6pa3He L*" C N"^"^ x {io}, cocToamee 
H3 ToneK, B KOTopbix noflceMeficTBO {ipi, . . . ,ips-k+io+i}N"^-'^x{io} BbipojK;i;a- 
GTca. Ha HH^iyKTHBHoro npeflnojiojKeHHa cjie;i;yeT, hto orpanHHenHe KJiacca 
kat na no^MHorooSpaane TpHBHajibHO, cjie^OBaTejibHO, noflMHoroo5pa3He 

C N"^~^ X {io} HBjiaeTca ocnamenHbiM. 06o3HanHM ocnaineHHe mhofo- 
o6pa3H5i Hepe3 El. 

CorjiacHO ocHOBHOMy pe3yjibTaTy [A-E] cymecTByeT {io + l)-MepHoe 
CKomeHHO-ocHaineHHoe b Kopa3MepHOCTH {b{k) — 1) MHoroo6pa3He 
(^r*o+^, \l/r), c KpaeM dT^'^'^^, ;i,H4)4)eoMop4)HbiM MHoroo6pa3Hio L*°, npn 
3T0M orpaHHneHHe CKOinenHoro ocnameHHa \l/r na rpaHHn,y U° aBjiaeTca 
ocHaineHHeM, KOTopoe coBnaflaeT c 3a;i;aHHbiM ocnameHHeM na Kpae L*°. 

HocKOJibKy N^~^ HMeeT roMOTonHHecKHii k-irni MP°° h HopiviajibHoe 
paccjioeHHe CHaGjKeHO KaHOHHHecKoii TpHBHajiH3aii;HeH na jiio6om no^i;- 
MHoroo5pa3HH B N^~'^ pa3MepH0CTH He Sojiee k, CKomeHHO-ocnameHHoe 
MHoroo5pa3He r*°+^ mojkho paccMaTpHsaTb xax noflMHoroo5pa3He F*""*"^ C 
jym-i ^ 1^^^^ io + 1] CO CTaSHjibHbiM CKomeHHbiM ocHameHHeM \l/r, orpaHHHeHHe 
KOToporo Ha dV'^'^^^ coBHa;i;aeT c HOflMHoroo6pa3HeM U° C A^"*"^ x {io} h 
HpH 3T0M orpaHHHeHHe ktv Ha HOflMHoroo6pa3He F^o"*"^ conna^aeT c xapaKTe- 
pncTHHecKHM KjiaccoM CKomeHHoro ocHamenna Sp. 

Peryjiapnaa roMOTonna fll64p onpe^ejiena no no^nainio npoeKn,nn 

{Xl! • • • ! Xs-k+io+l} N^-'^xiio.io+l]^ (166) 

;],jia KOTopoH no;],Mnoroo6pa3ne (F*"+\L*°) C (A^™~^ x [zq, io+1], ^^"'""^x {^o}) 
cjiyjKHT no;i;MHoroo5pa3HeM ocoSbix ceHeHnli c TpHBnajibHbiM jinneHRbiM pac- 
cjioeHHeM aflep. 

Tenepb nocTponivi roMOTonnio (11611) npn i = io + 1. Ha 0Tpe3Ke [0, io] 
roMOTonna y>Ke nocTpoena no npe^nojioJKennio nnflyKn,HH. Ha 0Tpe3Ke 
[io, io + 1] Ha noflceMencTBe nepsbix (s — k + io + 1) seKTopoB roMOTonna 
coBna/iaeT c roMOTonnen (I164p . SaivieTHM, hto oco6bie cjioh roMOTonnn 

o6pa3yiOT MHoroo6pa3He c KpaeM, KOTopoe o6o3HaHHM Hepe3 

(A'"+\ K'°) C (N""-^ X [0, io], N"^-^ X {io}). (167) 
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B CHJiy ycjiOBHa 3, no;i;MHoroo6pa3He (11671) aBJiaeTca ocHaineHHbiM. OSoana- 
HHM ocHaineHHe SToro no;i;MHoroo5pa3Ha nepea \I/a- rpaHHii;a K'^° MHoroo6- 
pasHa A^o"*"^ HBjifleTCfl noflMHorooSpaaneM ocoSeHHOCTeft ceMeiicTBa ceneHHii 

{-01, . . . , i>s-k+io+2}N^-^x{io}- (168) 

BocnojibsyeMca tgm, ^to MHorooSpasHe ocoSbix ce^enHfi ceMeflcTBa 
{V^i, . . . '?/'s_fc+jo+i}Arm-ix{jo} saKjiio^eHO B map U C N"^~^. By^eM CTpoHTb 
roMOTonHK) f llGip na no^ceMeiicTBe nepBbix (s — k + + 2) BCKTopoB na 
MHoroo5pa3HH iV""^ x [io,io + 1], HenoflBHJKHyio na rpaHHii;e dU mapa U, h 
coBna^iaiomyio c roMOTonneH (I164p na noflceMeficTBe nepBbix {s — k + zq + 1) 
BeKTopoB. yKaaaHHyio roMOTonHio nocTpoHM Tax, hto MHorooGpaane oco- 
6eHH0CTeH ceMeiicTBa ceneHHii (11681) nepecTpanBaeTca b^ojib ocnameHHoro 
MHorooSpasHa c KpaeM 

(Al°+\K*o) C {N^~' X [to,to + l],N^-' X {zo}), 

KOTopoe aepKajiBHO ocnameHHOMy no^MHorooGpaaHio (I167p h coBna^aeT c 
3THM MHorooSpaaneM na o6iii;eH rpaHHii;e K''° C N"^~^ x {io}. 

FoMOTonHa (llGip npn i = io + 1 ceMeficTBe nepBbix {s~k + io + 2) bgk- 
TopoB nocTpoena. HpoflOJiiKHM nocTpoenHyio roMOTonnio na Bce ceMeiicTBO 
s BCKTopoB na^ MHorooSpaaneM N^~^ x [io,^o + 1]; oSecne^HB BbinojineHHe 
rpaHH^Hbix ycjiOBHH na N"^~^ x {io} h BbinojineHHe ycjiOBHa 3. 

HnflyKTHBHoe npe;i;nojiojKeHHe flOKaaano. Cjie;];cTBHe 40 b npeflnojiojKe- 
HHH j = flOKaaano. 
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